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►  CULTURE  .  .  .  Before  the  present  war,  it  was  be¬ 
lieved  rather  widely  that  the  Germans  led  the  world 
in  scientific  endeavor.  Whatever  the  truth,  there  is  no 
doubt  that  German  text  books  were  translated  into 
all  the  languages  of  Europe  and  in  this  manner  trans¬ 
mitted  German  culture  and  German  ideals  to  all  the 
people  of  that  war-torn  land.  Even  if  the  national 
spirit  of  the  individual  peoples  into  whose  schools 
these  texts  found  their  way  appeared  in  the  transla¬ 
tions,  the  illustrations  were  German  and  showed  Ger¬ 
man  apparatus.  Laboratory  equipment — microscopes, 
electrical  instruments,  research  tools  of  all  kinds — was 
invariably  German. 

At  the  end  of  the  present  conflict,  it  is  extremely 
doubtful  if  Belgians,  French,  Scandinavians  and  other 
freed  nations  will  wish  to  perpetuate  this  situation. 
Universities  wrecked  by  the  Nazis  will  hardly  be 
reequipped  with  Nazi  instruments — provided  other 
apparatus  is  available.  America  has  an  incredibly 
important  opportunity  in  this  circumstance.  Not 
only  must  the  hated  culture  be  removed  from  schools 
and  scientific  laboratories,  but  it  must  be  replaced  by 
one  founded  on  more  democratic  ideals.  Manufacturers 
of  measuring  equipment,  upon  which  any  scientific 
course  of  study  is  founded,  must  be  prepared  to  engage 
in  international  distribution  to  a  vastly  greater  extent 
that  heretofore.  Publishers  of  text  books  should 
have  arrangements  whereby  American  books  are 
translated  into  the  languages  of  Europe.  The  imme¬ 
diate  value  in  terms  of  business  is  not  the  only  one 
that  will  accrue  by  such  preparedness ;  it  is  the  long¬ 
term  benefits  that  will  be  most  important. 

^IRE  .  .  .  After  many  years  of  “living  around,”  first 
here,  then  there,  the  Institute  of  Radio  Engineers  is 
embarking  on  a  campaign  for  funds  from  its  members 
^d  from  its  friends  in  industry.  The  funds  are  to 
he  used  in  purchasing  a  suitable  headquarters  in  New 
York  City  and  for  maintaining  those  headquarters. 


This  “once  in  a  lifetime”  campaign  merits  the  sup¬ 
port  of  every  individual,  every  group  which  has  a 
stake  in  the  future  of  electronics. 

Since  the  IRE  has  maintained  its  headquarters  staff 
in  the  McGraw-Hill  building  for  many  years,  oppor¬ 
tunity  has  been  provided  for  the  staff  of  Electronics 
to  get  acquainted  with  the  IRE  staff  and  to  know  the 
difficulties  under  which  that  staff  works.  Cramped 
into  quarters  much  too  small  for  the  volume  of  work 
to  be  done,  the  situation  at  .present  is  critical.  The 
time  is  ripe  for  a  move.  This  time  the  move  should 
be  into  a  building  owned  by  the  Institute  itself. 

Since  1940  the  membership  of  IRE  has  doubled;  the 
volume  of  work  connected  with  the  mere  job  of  keep¬ 
ing  track  of  members  so  that  they  receive  the  Pro¬ 
ceedings  regularly  cannot  be  conceived  by  anyone  not 
experienced  in  the  publishing  business.  In  addition, 
the  correspondence  with  Sections  and  with  the  many 
important  committees  is  heavy  and  is  growing. 

Providing  proper  space  and  equipment  and  man¬ 
power  for  headquarters  functions,  however,  is  not  the 
only  reason  which  should  impel  members  and  industry 
to  generously  back  this  campaign. 

No  American  enterprise  owes  more  to  engineering 
than  does  electronics ;  and  if  the  engineer  is  to  assume 
his  rightful  place  in  this  vast  new  industry,  he  must 
be  backed  by  a  strong  professional  society.  Proper 
housing  is  a  most  important  step  in  the  development 
of  that  society. 

►  FCC  .  .  .  The  “blue”  book  report  of  the  FCC  giving 
the  proposed  allocation  of  frequencies  from  25,000  kc 
to  30,000  Me  provides  most  stimulating  reading.  Re¬ 
gardless  of  how  individuals  may  feel  about  specific 
allocations,  the  overall  effect  of  reading  the  report  is 
respect  for  the  handling  of  such  a  tremendous  job 
with  such  foresight  and  courage.  This  report,  with 
subsequent  modifications,  will  be  a  guidebook  to  the 
future  of  radio  communication. 
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The  FCC  Allocation  Plan 


An  appraisal  of  the  technical  and  economic  significance  of  the  proposal.  New  and 
expanded  services  in  the  25  to  30,000-Mc  region  present  many  opportunities  for  electronic 
industry  expansion,  in  industrial  as  well  as  in  communications  applications 


The  report  of  the  FCC  on  pro¬ 
posed  allocations  from  25  Me 
to  30,000  Me,  issued  January  16th, 
is  in  many  ways  a  unique  document 
in  the  history  of  governmental  reg¬ 
ulation.  It  is  unique  because  it  is 
strictly  an  engineering  report.  No¬ 
where  in  evidence  is  the  govem- 
ment-vs-industry  attitude  which 
has  often  characterized  such  re¬ 
ports  in  recent  years. 

The  report  indicates  that  the 
electronic  industry  is  not  only  ex¬ 
pected  but  freely  invited  to  produce 
goods  required  to  make  the  alloca¬ 
tion  plan  a  reality,  and  to  sell  it  to 
waiting  consumers  without  fear  of 
a  sudden  change  of  rules.  The 
rules  are  set  up  to  protect  the  con¬ 
sumer  of  goods  and  services. 

The  details  of  the  proposed  allo¬ 
cations  are  shown  in  the  accom¬ 
panying  chart  and  table.  The  chart 
compares  the  FCC  proposals  with 
the  recommendations  made  by 
Panel  2  of  the  Radio  Technical 
Planning  Board  and  the  Interde¬ 
partment  Radio  Advisory  Commit¬ 
tee  at  the  Allocations  Hearing  held 
last  October  (Electronics,  Decem¬ 
ber  1944,  page  92).  Generally  speak¬ 
ing,  the  FCC  has  followed  the 
RTPB  and  IRAC  recommendations. 
The  table  serves  as  an  index  to  the 
^rpe  of  service,  the  number  of  chan¬ 
nels,  and  channel  widths,  which 
cannot  be  shown  in  detail  on  the 
chart. 

F-M  ShiftMl  to  84-102  Me 

The  outstanding  difference  be¬ 
tween  the  RTPB-IRAC  recommen¬ 
dations  and  the  FCC  proposals  is 
the  position  in  the  spectrum  of  f-m 
broadcasting.  The  FCC  proposes  to 
allot  90  f-m  channels  in  the  region 
84  to  102  Me,  rather  than  in  the  40 
to  60-Mc  region  suggested  at  the 
hearings.  There  is  little  quarrel 
with  the  proposed  number  of  chan¬ 


nels  (RTPB  had  recommended  75 
channels,  IRAC  60).  But  the  shift 
in  frequency  obsoletes  all  present 
f-m  equipment,  which  includes  46 
licensed  stations,  7  stations  operat¬ 
ing  under  construction  permits  and 
some  100,000  to  500,000  receivers, 
the  precise  number  of 'receivers  in 
use  being  a  controversial  question. 
Applications  for  248  additional  sta¬ 
tion  licenses,  on  file  before  the  Com¬ 
mission  in  October  and  based  on  the 
old  allocation,  must  be  withdrawn, 
recomputed  and  resubmitted  as 
soon  as  the  FCC  action  becomes 
Anal. 

This  is  a  serious  matter  to  the 
owners  of  equipment.  The  FCC  jus¬ 
tifies  the  change  by  citing  evidence 
presented  at  the  hearing,  particu¬ 
larly  that  offered  by  Dr.  K.  A.  Nor¬ 
ton,  a  propagation  specialist  for¬ 
merly  on  the  Commission  staff  and 
now  on  leave  to  the  War  Depart¬ 
ment.  Dr.  Norton  reported  that 
long-distance  interference,  part- 
ticularly  from  skywaves  reflected 
from  the  E  and  F,  layers  of  the 
ionosphere,  is  much  more  prevalent 
than  had  been  realized  when  the 
original  allocation  of  42-50  Me  was 
made.  He  based  this  statement  on 
measurements  i>erformed  by  the 
Interservice  Radio  Propagation 
Laboratory  at  the  Bureau  Stand¬ 
ards,  operated  for  the  Army  and 
Navy,  as  well  as  on  measurements 
collected,  as  a  military  measure, 
from  many  other  parts  of  the 
world.  Dr.  Norton’s  data  had  to  do 
mainly  with  F*  reflections.  Compu¬ 
tations  based  on  IRPL  measure¬ 
ments  indicate  that  in  years  of 
sun-spot  maxima  a  station  on  44 
Me  would  receive  interference  some 
1800  hours  per  year  from  a  similar 
station  2500  miles  away.  L.  P. 
Wheeler  of  the  Commission  staff 
also  offered  measurements  showing 
that  sporadic-E  interference  in 


Georgia,  received  from  the  Paxton, 
Mass.  44.3  Me,  50-kw  f-m  station, 
had  caused  interference  at  the  50 
/iv/m  contour  12  percent  of  the  time 
in  July  1944.  The  FCC  points  out 
that  neither  of  these  reports  was 
available  to  RTPB  and  IRAC  be¬ 
fore  they  made  their  recommenda¬ 
tions.  The  Commission  stated  that 
other  interference  effects,  notably, 
the  burst  type  of  interference  asso¬ 
ciated  with  meteorite  tracks,  and 
multi-path  distortion,  were  not  ad¬ 
judged  serious  by  the  witnesses  at 
the  hearings  and  had  been  dis¬ 
counted  in  determining  the  posi¬ 
tion  of  the  f-m  band. 

The  industry  is  by  no  means  con¬ 
vinced  that  the  interference  in  the 
40  to  60-Mc  band  is  as  serious  as 
Drs.  Norton  and  Wheeler  believe  it 
to  be.  At  all  events,  the  principal 
economic  objection  to  the  change 
was  that  facing  the  broadcasters. 
The  public  investment  in  receivers, 
mostly  combination  units,  would 
have  to  be  largely  abandoned  in 
any  event  as  a  result  of  enlarge¬ 
ment  of  the  band  beyond  its  pres¬ 
ent  limits,  which  all  agree  is  needed. 

The  90  channels  assigned  to  f-m 
are  divided  three  ways:  20  chan¬ 
nels  (84-88  Me)  reserved  for  non¬ 
commercial  ed/Ucational  stations; 
50  channels  open  to  present  holders 
of  commercial  f-m  or  standard 
broadcast  station  licenses,  as  well 
as  existing  applicants  and  20  chan* 
nels  reserved  for  issue  to  other  ap¬ 
plicants  who  may  not  be  in  a  posi¬ 
tion  to  join  the  mad  scramble  im¬ 
mediately  after  the  new  frequen¬ 
cies  become  effective  but  who 
should  not  be  permanently  ruled 
off  the  boards  on  that  account. 

The  bandwidth  is  maintained  at 
the  value  set  down  by  Major  E.  H. 
Armstrong  in  his  original  work, 
200  kc.  The  reasoning  of  the  Com¬ 
mission  follows  Armstrong’s  very 
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closely:  F-M  should  have  fidelity 
up  to  15,000  cps,  room  should  be 
left  for  multiplex  operation,  and 
the  signal-to-noise  ratio  should  be 
at  least  60  db  over  the  major  por¬ 
tion  of  the  service  area.  Argu¬ 
ments  that  10,000  cps  sufficed  for 
the  audio  band  were  dismissed  by 
quoting  Major  Armstrong’s  dictum 
that  “the  difference  between  10,000 
cycles  and  15,000  cycles  is  the  dif¬ 
ference  between  something  which 
ie  good  and  something  which  is 
real.” 

Prompt  action  in  vacating  the 
44-50  Me  region  as  soon  as  the  FCC 
proposals  become  final  was  indi¬ 
cated,  to  permit  television  stations 
to  enter  that  space.  Existing  f-m 
stations  in  this  region  are  to  be 
temporarily  moved  to  the  42-44  Me 


region  until  they  are  prepared  to 
move  to  the  new  higher-frequency 
band.  In  certain  cities,  where  the 
42-44  Me  space  is  not  sufficient  for 
all  stations  now  operating,  time¬ 
sharing  of  the  facilities  will  be 
necessary  as  an  interim  measure. 

Stotas  9*0  for  Talaviiioa 

The  'biggest  controversy  at  the 
October  hearings,  whether  commer¬ 
cial  television  should  continue  on 
the  present  frequencies  or  start 
over  in  a  new  band  above  400  Me, 
was  decided  by  the  Commission  in 
favor  of  the  status  quo.  The  FCC 
proposes  to  allocate  12  channels, 
each  6  Me  wide,  in  the  regions 
44-50, 54-84,  and  180-216  Me.  These 
eleven  channels  are  to  be  shared 
with  mobile  and  fixed  services,  both 


government  and  non-govemment, 
wherever  needed,  provided  that  the 
television  service  can  be  protected 
from  interference.  It  was  pointed 
out  that  low-power  transmitters 
with  low  antennas  may  readily  op¬ 
erate  in  the  alternate  channels  be¬ 
tween  television  assignments  in  any 
one  city,  and  generally  throughout 
rural  regions. 

Questioned  concerning  the  inter¬ 
ference  effects  on  the  40-80  Me 
channels  (those  which  caused  the 
f-m  move) ,  Commissioner  Jett  said 
the  interference  would  be  less 
serious  to  television  because  of  the 
higher  field-strengths  required  to 
give  adequate  service.  He  also 
stated  that  these  channels  were  not 
the  permanent  home  of  television, 
in  all  probability,  and  would  there- 
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fore  have  to  suffer  the  interference 
as  a  temporary  measure.  F-M,  on 
the  other  hand,  was  being  put  into 
a  permanent  home  once  and  for  all, 
and  hence  must  be  protected. 

The  largest  ether  space,  ex¬ 
pressed  as  a  percentage  of  the 
center  frequency,  in  the  entire  spec¬ 
trum  is  that  offered  to  television 
for  future  experimentation.  This 
band  comprises  440  Me,  from  480 
to  920  Me.  This  region,  the  Com¬ 
mission  made  plain,  is  looked  upon 
as  the  eventual  final  home  of  tele¬ 
vision,  with  wideband  channels, 
higher  definition,  color,  etc.  No 
bandwidth  is  specified,  but  the  in¬ 
dustry  is  urged  to  make  full  use  of 
the  band  at  the  earliest  opportun¬ 
ity  to  develop  a  new  service.  The 
widest  band  suggested  (20  Me,  by 
Panel  6  of  RTPB)  would  permit 
some  22  separate  allocations.  This 
is  believed  to  be  adequate  for  a  na¬ 
tional  allocation,  when  and  as  the 
new  service  comes  into  being  as  a 
fully  tested  and  economically  feas¬ 
ible  system. 

The  ticklish  question  of  how  to 
avoid  obsoleting  equipment,  when 
the  time  for  the  new  system  ar¬ 
rives,  was  mentioned  by  Commis¬ 
sioner  Jett  at  the  press  conference. 
Speaking  for  himself  only  and  un¬ 
officially,  he  said  that  he  believed 
that  stations  on  the  present  chan¬ 
nels  would  continue  to  operate 
alongside  the  improved  service  un¬ 
til  the  public  had  no  further  use  for 
them.  This  point  of  view,  however 
unofficial,  was  very  heartening  to 
the  television  group,  who  believe 
that  the  public  must  have  some  as¬ 
surance  of  continuing  utility  on 
present  frequencies  before  large- 
scale  buying  of  television  receivers 
begins. 

All  Aviation  Roqnosts  Grantod 

One  of  the  few  Services  to  re¬ 
ceive  all  the  space  requested  was 
aviation.  The  Commission,  noting 
that  post-war  aviation  is  expected 
to  expand  far  beyond  pre-war  levels 
and  that  radio  is  a  prime  necessity 
in  high-density  air  traffic,  proposes 
to  allocate  some  2140  Me  in  14 
bands  to  this  service.  The  alloca¬ 
tions  very  closely  follow  the  recom¬ 
mendations  of  RTPB  and  IRAC. 
The  space  from  108  to  132  Me  is 
divided  into  four  bands,  for  instru¬ 
ment  approach  localizers,  v-h-f  ra¬ 
dio  ranges,  airport  traffic  control 


and  air-ground  communications. 
An  additional  band  at  225-400  Me 
is  reserved  for  air-ground  and  an¬ 
other  at  1550-1650  Me  for  experi¬ 
mental  air-ground  work. 

By  far  the  largest  assignment 
goes  for  air  navigation  aids.  In  ad¬ 
dition  to  the  localizers  and  ranges 
previously  mentioned,  bands  are 
allocated  for  this  purpose  at  170- 
180  Me  and  420-450  Me,  450-460, 
508-524  (the  latter  to  make  way  for 
experimental  television  as  soon  as 
possible),  960-1125, 1450-1550, 2300- 
2500  and  2800-3900  Me.  It  is  no 
secret  that  these  large  bands  of 
space  are,  at  least  in  part,  reserved 
for  navigational  devices  now  em¬ 
ployed  by  the  Army  and  Navy, 
many  of  which  will  be  made  avail¬ 
able  for  commercial,  operation,  pos¬ 
sibly  before  the  end  of  the  war. 

Mobile  oad  Fixed  Services 

The  large  blocks  of  space  marked 
MF  in  the  chart  are  assigned  to 
mobile  and  fixed  services,  that  is, 
communication  between  mobile 
units  (cars,  trucks,  trains,  etc.)  and 
fixed  stations  of  the  same  system. 
The  four  most  important  blocks  of 
space  so  assigned  are  (1)  30-44  Me, 
(2)  shared  service  on  certain  of 
the  commercial  television  channels 
(54-78  and  192-216  Me),  (3)  156- 
162  Me,  and  (4)  the  majority  of  the 
space  above  1500  Me.  The  table 
shows  the  approximate  breakdown 
of  this  space  assignment  to  specific 
mobile-fixed  services  (police,  fire 
service,  forestry,  public  utilities, 
provisional,  geophysics,  motion  pic¬ 
ture,  railroad,  general  mobile).  The 
channel  widths  are  40  kc  in  the 
30-44  Me  region,  and  60  kc  in  the 
156-162  Me  region.  Channels  are 
shared  among  several  services  as  a 
general  rule.  An  exclusive  band  is 
allotted  to  police  service,  between 
152  and  156  Me. 

The  majority  of  these  services 
are  already  established  and  are  ex¬ 
pected  to  continue,  in  expanded 
form,  after  the  war.  But  two  cate¬ 
gories  are  new  insofar  as  FCC  reg¬ 
ulations  are  concerned,  the  railroad 
radio  service  and.  the  general  mo¬ 
bile  service.  Special  hearings  on 
railroad  radio  had  been  held  by  the 
Commission  previous  to  the  alloca¬ 
tion  hearings.  At  these  hearings  it 
was  established  that  carrier-cur¬ 
rent  communication  (pick-up  in 
the  induction  field  between  rails  and 


nearby  telegraph  wires)  in  use  by 
railroads  for  some  time,  does  not 
provide  a  complete  answer  to  the 
problems,  especially  in  regions 
where  wire  lines  are  impractical, 
and  in  freight  yards  and  terminals. 
The  most  important  use  of  the  pro¬ 
posed  v-h-f  service  is  the  so-called 
end-to-end  radio,  by  which  the  con¬ 
ductor  of  a  freight,  in  the  caboose, 
can  keep  in  constant  touch  with  the 
engineer,  warning  him  of  impend¬ 
ing  trouble.  Train-to-train  com¬ 
munication  is  also  envisaged,  and 
contact  with  fixed  stations  would  be 
available  to  report  wrecks  from  re¬ 
mote  localities.  For  this  service, 
shared  service  with  commercial 
television  will  be  permissible  in 
many  parts  of  the  country.  Twenty 
such  channels  are  set  up  in  the  tele¬ 
vision  bands  for  terminal  systems. 
Thirty-three  adjacent  channels,  60 
Me  wide,  are  assigned  for  end-to- 
end,  train-to-train  and  station-train 
service  in  the  156-162  Me  band. 
Bands  above  1900  Me  open  to  gen¬ 
eral  mobile-fixed  service  will  also 
be  available  for  further  experimen¬ 
tation  on  railroad  radio  equipment. 

The  general  mobile  service  is  in¬ 
tended  primarily  as  an  aid  to  the 
dispatching  of  buses,  trucks  and 
taxicabs,  and  for  emergency  serv¬ 
ice  in  reporting  accidents  from  lo¬ 
cations  where  telephone  service  is 
not  available.  Common  carrier  tele¬ 
phone  service  to  buses  and  taxicabs 
is  also  planned.  The  FCC  allocation 
sets  up  two  categories;  urban  mo¬ 
bile  and  land  stations  in  the  156- 
162  Me  band,  and  highway  mobile 
and  land  stations  in  the  30-44  Me 
band. 

Amatevr  and  Cltlxcn's  Serviens 

The  amateurs  lose  none  of  their 
present  space  above  25  Me  and  gain 
six  new  bands  above  400  Me.  The 
10-meter  band  stays  as  is;  the  6- 
meter  band  is  shifted  to  50-54  Me; 
the  2i-meter  band  is  shifted  to 
144-148  Me;  the  li-meter  band  is 
shifted  to  220-225  Me,  and  the  400- 
401  band  is  shifted  to  420-450.  Five 
other  bands,  ending  at  21,000-22,- 
000  Me,  are  set  up.  The  latter  fre¬ 
quency  corresponds  to  1.5  centi¬ 
meters,  a  wavelength  which  before 
the  war  was  considered  the  upper 
limit  of  the  radio  spectrum.  The 
fact  that  the  amateurs  are  to  be  en¬ 
couraged  to  play  with  such  micro- 
waves  is  some  indication  of  what 
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PROPOSED  ALLOCATIONS,  BY  SERVICES 

Number 

Location 

Number 

Location 

of 

Channel  In  Spednim 

of 

Channel 

in  Spectrum 

Typ«  of  S«fvie« 

Channels  Width  (Me) 

Type  of  Service 

Channels 

Width 

(Me) 

Frequency 

70 

200  kc  88-102 

Provisional 

27 

40  kc 

25-28 

Modulation 

(Petroleum) 

10 

40  kc 

30-40 

(Commercial) 

9 

60  kc 

156-162 

Frequency 

?0 

200  kc  84-88 

Geophyslo 

22 

40  kc 

25-28 

Modulation 

(Motion  Picture) 

4 

60  kc 

156-162 

(Educational) 

(Relay  Press) 

Television 

1? 

6  Me  44-50/  54-84; 

Facsimile 

Any  FM  200  kc 

84-102 

(Commercial) 

180-216 

(Commercial) 

Channel 

(simplex) 

Television 

_ 

-  480-920 

Facsimile 

(ExperlmentaO 

(EKperimenlal) 

470-480 

Television 

(Relay) 

— 

-  1225-1325 

^Railroad 

33 

60  kc 

156-162 

20 

44-50, 

Aviation 

70 

200  kc  108-118 

54-78, 

(Instrument 

192-216 

Landing  and 

^General  Mobile 

12 

40  kc 

30-40 

Radio  Ranges) 

(Taxicabs,  etc.) 

12 

40  kc 

42-44 

Aviation 

200  kc  118-122 

7 

60  kc 

150-162 

?0 

* 

(Traffic  Control) 

*ClllseiM  Radio 

_ 

_ 

460-470 

Aviation 

Communication 

50 

200  kc  122-132 

(Walkie-Ulkle) 

(Air*Ground) 

Aviation 

*Rural  Telephone 

— 

— 

44-50,  54-78, 

— 

-  1550-1650 

192-216 

(Experimental) 

*Rursl  Telephone 

_ _ 

_ 

1900-2300, 

Aviation 

— 

-  170-180, 

(Experimeirtal) 

1900-4550, 

1  (Navisation  Aidi) 

420-460, 

5750-7050, 

508-524, 

10,500-13,000, 

960-1125, 

1 6,000-1 8/>00, 

1450-1550, 

2300-2500, 

^Industrial, 

UflOO-ZOfiOO 

2700-3900 

— 

0.05%  13.66,  27.32,  1 

Medkat 

40.98 

Amateur 

— 

-  28-30,  50-54, 

(Scientific) 

144-148, 

220-225, 

Relay  Systems 

— 

— 

1225-1325, 

420-450, 

1900-2300, 

1125-1225, 

3900-4550, 

2500-2700, 

5750-7050, 

5200-5750, 

10,500-13,000 

10,000-10,500, 

1 6,000-1 8/)00 

21 ,000-22,000 

26,000-30/X>0 

Police 

47 

40  kc  30-44 

60  kc  152-156 

Fixed  Public 
Services 

■ 

” 

44-50,  54-78, 

192-216, 

940-960, 

Police 

..... 

-  940-960 

1900-2300, 

(Exp.  facsimile) 

3900-4550, 

5750-7050, 

Fire  Service 

15 

20 

40  kc  30-40 

60  kc  156-162 

10,500-13,000, 

16,000-18,000, 

i6fi00-30fi00 

Forestry 

33 

40  kc  30-40 

Coastal  Ship 

33 

40  kc 

30-44 

27 

60  kc  156-162 

7 

60  kc 

156-162 

Electric,  Gas, 

15 

40  kc  25-44 

Relay  Broadcast 

22 

*  40  kc 

25-28 

Water,  Steam 

5 

60  kc  156-162 

4 

60  kc 

156-162 

(Utilities) 

Studio-Transmitter 

— 

— 

940-960 

Transit  Utilities 

10 

40  kc  25-44 

192-216 

Special  Emergency 

4 

40  kc  30-40 

Development 

— 

— 

920-960 

6 

60  kc  156-162 

Broadcast 

*  New  class  of  service 

has  happened,  meantime,  behind 
the  closed  doors  of  war  research. 

A  new  service,  somewhat  akin  to 
the  amateur  service,  is  the  citizens 
radio  communication  service  on 
460-470  Me.  Transmitter  and  op¬ 
erator  licenses  will  be  available  for 
this  service  merely  upon  presenting 
evidence  of  knowledge  of  the  com¬ 
munications  law.  No  technical 
knowledge  will  be  required.  The 
band  is  intended  particularly  for 
walkie-talkie  low-power  point-to- 
point  and  mobile  service,  and  for 
use  by  the  general  public  for  any 
purpose  except  the  carrying  of  toll 
messages  for  hire.  In  addition  to 
the  many  short-haul  uses  in  rural 
districts  (tractor-to-farm,  farm-to- 
farm  communication)  the  service 
will  also  be  available  for  doctor^s 
calling  service  and  similar  profes¬ 
sional  activity.  It  may  be  used,  in 
fact,  for  industrial  and  control  pur¬ 
poses,  such  as  the  opening  of  ga¬ 
rage  doors  by  a  gadget  carried  in 
the  car.  No  bandwidth  is  specified, 
and  since  simple  equipment  is  pro¬ 
posed,  the  frequency  stability  is  not 
expected  to  be  of  a  high  order. 

Other  Services 

Facsimile  broadcasting  will  be 
permitted  on  any  of  the  f-m  chan¬ 
nels,  by  station  licensees,  but  not 
simultaneously  with  sound  pro¬ 
grams.  The  restriction  to  simplex 
operation,  rather  than  the  multi¬ 
plex  operation  urged  by  Major 
Armstrong,  may  be  removed  when 
the  technical  feasibility  of  simul¬ 
taneous  transmission  is  demon¬ 
strated.  The  band  from  470  to  480 
Me  is  reserved  for  experimental, 
facsimile  broadcasting  from  which 
may  develop  a  commercial  service. 
Facsimile  will  not  be  permitted  in 
the  television  channels. 

Three  assignments  are  set  up 
for  the  use  of  scientific,  industrial 
and  medical  oscillators,  not  used  for 
conununication  but  capable  of  caus¬ 
ing  interference,  at  13.66,  27.32 
and  40.98  Me.  The  bands  allotted 
are  only  plus  or  minus  0.05  percent 
of  the  center  frequency.  This  im¬ 
plies  crystal  control  of  the  oscil¬ 
lators  and  hence  does  not  provide 
relief  from  the  wandering  type  of 
a-c  modulated  diathermy  interfer¬ 
ence.  However,  the  setting  up  of 
these  bands  is  a  constructive  step 
which  will  provide  for  many  cases, 
particularly  ..those  in  scientific  and 


industrial  establishments  where 
economic  factors  permit  crystal 
control. 

The  use  of  v-h-f  and  u-h-f  radio 
for  relaying  signals  of  all  types 
(telegraph,  telephone,  facsimile, 
television,  etc.)  in  circumstances 
where  wirelines  are  impractical,  is 
provided  in  the  assignment  of 
shared  facilities  in  the  mobile  and 
fixed  bands,  as  follows:  1225-1325, 
1900-2300,  3900-4550,  5750-7050, 


10,500-13,000,  16,000-18,000,  and 
26,000-30,000  Me.  The  initial  as¬ 
signments  for  relaying  in  these 
bands  will  be  on  an  experimental 
basis,  to  be  followed  by  regular  op¬ 
eration  as  the  need  and  technical 
feasibility  is  proved.  Television  re¬ 
laying  will  also  be  permitted  on  the 
192-216  Me  and  480-920  Me  bands 
until  these  frequencies  are  needed, 
in  a  given  area,  for  broadcast  serv¬ 
ice — D.G.P.  _  - 
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A  Square-Loop 

F-M  ANTENNA 


Built  around  the  top  of  an  a-m  tower  used  by  WJBO  rather  than  on  a  flagpole  extension, 
the  44.5-Mc  radiator  at  WBRL  added  little  weight  and  wind  resistance.  Theory,  details 
of  construction,  and  tuning  procedures  are  described 


The  six-layer  square-loop  an¬ 
tenna  now  in  use  at  f-m  sta¬ 
tion  WBRL,  Baton  Rouge,  Louisi¬ 
ana  is  of  considerable  interest  be¬ 
cause  of  its  high  gain,  because  it  is 
supported  by  one  of  the  towers  of 
a-m  station  WJBO  and,  particu¬ 
larly,  because  it  is  built  around  the 
top  of  the  tower  rather  than  on  an 
extension. 

Where,  as  in  this  instance,  the 
height  of  an  existing  tower  is  com¬ 
parable  with  that  of  suitably-lo¬ 
cated  tall  buildings  or  natural  ter¬ 
rain,  it  is  of  obvious  advantage  to 


a-m  stations  contemplating  f-m 
service  to  utilize  the  tower  for  both 
services.  First  of  all,  there  is  an 
important  saving  in  installation 
cost  because  there  is  no  need  to  buy 
property,  rent  building-space  or 
erect  a  supporting  structure.  Sec¬ 
ond,  there  is  usually  a  saving  in 
operating  and  maintenance  cost 
since  both  transmitters  may  gen¬ 
erally  be  located  in  the  same  build¬ 
ing  and  operated  by  the  same  op¬ 
erator. 

There  are  also  some  disadvan¬ 
tages  to  placing  an  f-m  antenna  on 


an  a-m  tower  and  these  should  be 
recognized  and  fully  considered. 
First  of  all,  there  is  some  inconven¬ 
ience  to  maintenance  and  operation 
in  that  work  on  either  the  a-m  or 
f-m  antenna  will  be  dependent  upon 
the  program  schedule  of  the  other. 
Second,  in  the  case  of  insulated 
towers  provision  must  be  made  for 
bringing  the  feed  line  for  the  f-m 
antenna  around  the  base  insulators. 
For  low-power  transmitters  this  is 
not  too  difficult.  For  higher  powers 
it  involves  fairly  substantial  coup¬ 
ling  equipment. 


FIG.  I — The  three-tower  directfre  tyitem 
at  a-m  itotion  WJBO  in  Baton  Rouge.  A 
^•loyer  squore-loop  f-m  antenna  wot 
mounted  around  the  top  of  the  center 
tower  for  stotlon  WBRL 

FIG.  2 — The  eix-loyer  equore-loop  f-m  an¬ 
tenna  of  station  WBRL.  Token  from  the 
ground,  this  picture  showing  the  ontenna 
SOO  ft  up  wos  retouched  to  mere  clearly 
show  the  position  of  the  radiotors 
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RCA  Victor  Divition, 

Radio  Corp.  of  America 
Camden,  N.  J. 


FIG.  3 — ^Ubo  of  an  antenna  built  around 
the  a-m  tower  at  WBKL  rather  than  one 
mounted  on  an  extension  retained  maxi* 
mum  height.  It  would  have  been  neces- 
■dry  to  remove  150  ft  from  the  top  of  the 
tower  in  order  to  safely  handle  the  extra 
weight  and  wind  resistance  of  a  turnstile 


The  biggest  disadvantage,  how¬ 
ever,  is  the  fact  that  it  is  usually 
found  that  the  a-m  tower,  unless  it 
is  specially  built  for  the  purpose, 
is  not  well-adapted  to  mounting  of 
the  f-m  antenna  and  will  not  bear 
the  weight  of  a  multi-layer. array. 
A  six-bay  turnstile,  for  operation 
at  42-50  Me,  is  mounted  on  a  flag¬ 
pole  which  is  64  ft  high  and  12 
inches  in  diameter  at  the  butt  end. 
It  weighs  3,500  lb  and  presents  con¬ 
siderable  wind-resistance,  so  that 
the  upsetting  moment  exerted  on 
the  supporting  structure  is  appre¬ 
ciable.  A  four-bay  circular  antenna 
requires  a  flagpole  or  mast  of  about 
.the  same  dimensions,  since  in  this 
type  the  layers  are  spaced  a  full 


FIG.  4 — Each  of  the  layers  of  the  ontenno  consists  of  four  half-wave  radiators 
arranged  in  a  square.  Phasing  is  provided  by  quarter-wave  stubs  which  also 
form  the  radiator  supports 


loops  mounted  horizontally  and 
spaced  a  half-wave  apart,  as  pic¬ 
tured  in  Fig.  2.  It  was  feasible  to 
mount  these  at  the  top  of  the  500-ft 
tower  since  their  total  weight,  in¬ 
cluding  feed  system,  is  less  than 
1000  lb  and  the  added  wind  resis¬ 
tance  is  very  small.  The  result,  as 
compared  with  the  alternative  of 
mounting  a  six-bay  turnstile  on  a 
350-ft  tower,  was  a  net  gain  of  85 
ft  in  the  height  of  the  f-m  antenna 
and  somewhat  more  in  the  effective 
electrical  height  of  the  a-m  radi¬ 
ator.  This  is  shown  in  Fig.  3. 

Each  of  the  square-bops  used  ip 
the  WBRL  antenna  consists  of  four 
half-wave  (44.5  Me)  radiators  ar¬ 
rayed  in  a  square  and  end-fed  as 
shown  in  Fig.  4.  This  type  of  an¬ 
tenna  was  originated  and  developed 
by  Dr.  G.  H.  Brown  of  RCA  Lab¬ 
oratories.  The  general  mounting 
arrangement  and  the  system  of 
lines  used  to  feed  this  array  were 
also  suggested  by  him. 

Hew  It  Works 

The  manner  in  which  a  square- 
loop  type  antenna  functions  can 
be  easily  understood  by  examining 


wavelength  (as  against  half-wave- 
length  spacing  in  the  turnstile). 

The  WBRL  Installation 

The  WBRL  installation  is  a  typ¬ 
ical  example  of  the  problem  likely 
to  be  met.  In  this  case  it  was  de¬ 
sired  to  mount  the  f-m  antenna  on 
an  existing  500-ft  insulated  tower 
which  was  the  center  structure  of 
a  three-tower  array  used  by  WJBO, 
a  5-kw  standard-band  a-m  station. 
The  three  towers  are  pictured  in 
Fig.  1. 

When  the  manufacturer  of  the 
tower  was  asked  how  much  weight 
and  wind  resistance  could  be  added, 
it  was  found  that  150  ft  would  have 
to  be  removed  from  the  tower  in 
order  to  make  it  capable  of  support¬ 
ing  a  six-bay  turnstile.  This  would 
have  reduced  the  daytime  (non¬ 
directive)  coverage  of  the  a-m  sta¬ 
tion  and  would,  have  required  recal¬ 
culating  and  retuning  of  the  direc¬ 
tive  systena.  It  was  under  these 
circumstances  that  the  decision 
was  made  to  construct  a  special  an¬ 
tenna  to  fit  the  local  requirements. 

The  WBRL  f-m  antenna  as  fin¬ 
ally  erected  consists  of  six  square- 
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FIG.  5 — ^Wh*ii  th«  radiators  of  a  square- 
loop  ore  bent  out  Into  a  str<dght  line  for 
study  they  look  like  (a)  and  the  currents 
are  in  phase.  The  Toltages  (b)  ore  also 
in  phase.  But  when  the  radiators  ore 
formed  into  a  square  (c)  the  Toltages  on 
oppoidte  rodiotors  are  oppositely  phosed 

Fig.  5.  It  will  be  noted  in  Fig.  5(a) 
that  the  currents  are  in  phase  in 
all  four  radiators,  this  result  being 
accomplished  by  placing  quarter- 
wave  phasing  stubs .  between  each 
pair  of  radiators.  The  voltages  in 
the  four  radiators  are  also  in 
phase  when  these  radiators  are  ar¬ 
ranged  in  line,  as  in  Fig.  5(b). 
However,  when  they  are  bent 
around  into  a  square,  as  in  Fig. 
5(c),  the  voltages  in  oppositely 
placed  radiators  are  180  deg  out  of 
phase. 

The  resulting  field-pattern  can 
be  visualized  by  noting  the  space 
relation  of  these  radiators  in  Fig. 
6.  At  point  a,  which  is  in  the  hori¬ 
zontal  plane  of  the  loops,  the  volt¬ 
ages  arriving  from  radiating  ele¬ 
ments  1  and  3  will  be  in  phase 
(since  element  3  is  a  half-wave  fur¬ 
ther  away)  and  hence  will  be  addi¬ 
tive.  The  same  is  true  at  point  c. 
Elements  2  and  4  similarly  radiate 
in  phase  to  points  b  and  d.  At  other 
points  in  the  same  horizontal  plane 
there  will  be  voltages  from  all  four 
radiating  elements.  These  will  be 
out  of  phase  in  an  amount  deter¬ 
mined  by  the  angle,  but  they  add 
up  to  a  final  signal  component  such 


that  the  radiation  is  approximately 
equal  in  all  directions. 

On  the  other  hand,  at  any  point 
normal  (vertical)  to  the  loop  (e 
or  f  in  Fig.  6)  the  distance  to  the 
two  oppositely  placed  radiating 
elements  1  and  3  is  the  same.  The 
voltages  from  these  arrive  out  of 
phase  and  thereby  cancel  each 
other.  The  same  is  true  of  the  volt¬ 
ages  from  elements  2  and  4.  Thus 
the  radiation  upward  from  the 
square-loop  type  antenna  is  theo¬ 
retically  zero.  The  net  result  is  a 
higher  signal  along  the  horizontal, 
where  it  is  wanted,  and  no  signal 
vertically,  where  it  is  of  no  use. 

Because  the  square-loop  type  an¬ 
tenna  has,  in  effect,  twice  as  many 
radiating  elements  as  the  turnstile, 
it  has  a  somewhat  higher  gain-per- 
layer  than  the  turnstile.  Moreover, 
because  the  mutual  impedance  be¬ 
tween  layers  is  relatively  low,  spac- 
ings  of  one-half  wavelength  are 
practical.  As  a  result,  gain-per- 
height,  which  is  the  true  criterion 
in  an  antenna  of  this  kind  (where 
weight  and  upsetting  movement 
are  the  limiting  factors),  is  greater 
than  for  the  circular  antenna.  Com¬ 
parative  gains  are  shown  in  Fig.  7. 

Hew  If  Is  Fed 

An  antenna  of  this  type  can  be 
fed  in  several  ways.^The  simplest 
is  to  tap  off,  with  an  open-wire  bal¬ 
anced  line,  from  one  of  the  stubs  at 
a  point  which  will  reflect  an  imped¬ 
ance  to  match  the  line.  In  order  to 
insure  a  balance  of  currents  arhund 
the  loop  it  is  better  to  feed  at  two 
points  as  shown  in  Fig.  8(a).  In 
the  case  of  an  f-m  broadcast  an¬ 
tenna  mounted  on  a  tower  it  be¬ 
comes  more  convenient  and  practi¬ 
cal  to  feed  the  array  with  concen¬ 
tric  lines  (oppositely  phased)  as 
shown  in  Fig.  8(b). 

The  feed  arrangement  for  a  sin¬ 
gle  layer,  as  actually  used  at 
WBRL,  is  shown  diagramatically 
in  Fig.  8(b).  Points  on  two  dia¬ 
metrically  opposed  stubs  are  fed 
power  through  short  lengths  of 
concentric  lines  which  are  tapped 
on  to  two  branch  lines  which  run 
up  through  the  full  length  of  the 
array.  The  points  where  these 
short  lines  are  connected  to  the 
stubs  are  chosen  to  reflect  an  im¬ 
pedance  of  12  ohms  to  the  line.  The 
length  of  these  short  lines  is  such 
that  they  are  electrically  a  quarter- 


wave  long.  Thus  (from  the  relation 
Z  =  \/ZiZt  =  70  ohms)  each  of 
these  lines  looks  like  420  ohms  at 
the  point  where  it  joins  the  branch 
lines.  Since  there  are  two  such 
short  lines  coming  in  to  the  branch 
lines  at  each  level,  the  impedance 
reflected  on  the  branch  lines  is  210 
ohms  per  layer. 

Six  layers  are  spaced  one  half¬ 
wave  apart.  The  overall  connec¬ 
tions  are  shown  in  Fig.  9.  Since 
each  line  looks  into  210  ohms  per 
layer,  and  the  layers  are  effectively 
in  parallel,  the  total  reflected  im¬ 
pedance  may  be  considered  as  210/6 
or  35  ohms.  At  the  bottom  of  the 
array,  one  line  is  connected  to  a 
main  junction  box  by  a  quarter- 
wave  line  and  the  other  by  a  three- 
quarter-wave  line.  The  extra  half¬ 
wavelength  in  the  second  provides 
the  required  180-deg  phasing.  Each 
line  looks  like  140  ohms  to  the 
junction  point  and  (since  they  are 
fed  in  parallel)  like  70  ohms  total 
to  the  main  feed  line  which  runs 
from  this  point  down  the  tower  to 
the  transmitter. 

Censtruetleii  and  Mounting 

The  mechanical  design  of  an  an¬ 
tenna  of  the  square-loop  type  is 


FIG.  6 — Thn  iinld  Toltagns  irom  oppo- 
sitnly-placnd  radiators  or*  addittTS  ol 
points  in  the  horlsontol  piano  of  tho  loop, 
(a4),c,d).  but  concol  at  points  in  the  Te^ 
tical  plane  (e.f).  thereby  pro^^g  de¬ 
sirable  gain  in  the  horlsontol  direction 


FIG.  7 — ComporatiTe  godns  of  the  sqnore' 
loop,  turnstile  cmd  drcular  antenna 
ted  against  height  in  holf-worelenglbi 
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FIG.  8 — FMding  power  to  two  ttubi  (a)  proTidei  a  more 
eren  current  distribution.  Concentric  feed  lines  (b)  ore 
more  practiced  for  tower  installations,  ond  were  used  to 
feed  power  to  the  six  loyers  of  the  WBRL  f-m  antenna 


FIG.  9 — Connections  of 
branch  lines,  with  re> 
fleeted  impedemee  at 
each  Junction 
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quite  a  problem.  Fortunately,  the 
inner  ends  of  the  quarter-wave 
stubs  are  at  ground  potential  and 
hence  the  loop  can  be  supported 
without  the  use  of  insulators  by 
simply  continuing  these  stubs  in¬ 
ward  to  the  tower.  Even  so,  the 
supporting  pieces  must  carry  the 
weight  of  the  radiating  elements 
which  are  attached  to  their  outer 
ends  like  outriggers.  Thus  they 
must  be  stronger,  for  instance,  than 
the  elements  of  a  turnstile  antenna 
which  need  support  only  their  own 
weight.  At  the  same  time,  they 
must  be  light  in  weight  if  the  ad¬ 
vantages  are  to  be  retained. 

After  a  number  of  tests,  it  was 
decided  to  make  the  diagonals  of 
U-in.  lightweight  steel  tubing  as 
shown  in  Fig.  10.  The  radiators 
themselves  were  cut  from  i-in. 
thin-wall  steel  conduit.  The  advan¬ 
tage  in  using  copper  would  have 
been  very  small.  Moreover,  the  use 
of  steel  allowed  all  joints  to  be 
welded,  thereby  adding  strength 
and  rigidity  to  the  assembly.  Each 
radiator  was  welded  .to  two  diag¬ 
onals,  an  operation  which  could  be 
performed  on  the  ground.  In  ad¬ 
dition,  for  each  of  the  six  layers  a 
welded  criss-cross  of  tubing  was 
Blade  up  for  center  support.  This 
was  made  of  -heavier  tubing  having 
an  inside  diameter  of  li  in.  so  that 
ends  of  the  diagonals  would  fit 
in  snugly. 


In  erecting  the  array,  one  of  the 
welded  criss-crosses  was  first 
mounted  on  angle  irons  (omitted 
from  the  drawing)  attached  to  the 
tower  at  each  layer  level.  Then  the 
triangular  sections,  each  consist¬ 
ing  of  a  radiator  and  two  diagonals, 
were  hoisted  and  the  ends  of  the 
diagonals  slid  into  the  openings  of 
the  criss-cross  piece.  The  diagon¬ 
als  were  then  clamped  to  the  tower 
and  the  lines  were  raised  into  place. 

The  construction  of  the  feed  lines 
also  involved  some  interesting 
problems.  Although  only  1  kw  was 
installed,  provision  was  made  in  the 
design  for  possible  later  increase  to 
3  kw.  Hard-drawn  5-in.  concentric 
line  was  used  throughout.  This 
size  line  is  large  enough  so  that  it 
will  not  fiash  over  even  if  pressure 
is  lost.  Insofar  as  the  short  feeder- 
lengths  were  concerned,  these  were 
simply  filled  with  dry  air  and  sealed 
off  at  each  end,  thereby  reducing 
the  number  of  end  seals  to  be  made 
gas-tight  from  some  seventy-five 
to  less  than  ten.  A  photograph  of 
the  feed  line  arrangement  at  each 
level  is  shown  in  Fig.  11.  Since  the 
short  feed  lines  had  to  be  a  quarter- 
wave  long,  while  they  tap  on  the 
stubs  at  a  point  less  than  that  out 
from  the  tower,  it  was  necessary 
to  put  elbows  in  them,  as  can  be 
seen.  Also,  one  pair  had  to  be 
crossed  over  to  maintain  proper 
phasing. 


The  proper  point  for  shorting 
the  diagonals  (in  order  to  provide 
the  correct  length  of  matching 
stub)  was  found  to  be  23*in.  out 
from  the  center  of  the  tower.  At 
this  point,  therefore,  a  heavy  brass 
strap  connects  the  diagonals  to¬ 
gether  and  also  ties  to  the  feed 
lines  in  order  to  provide  a  support 
for  the  latter.  The  inner  conduc¬ 
tors  of  the  two  lines  are  tied  to  the 
two  diagonals  at  a  point  some  15 
in.  further  out. 

Tuning 

Tuning  an  f-m  array  of  this  type 
is  a  matter  of  dimensioning.  The 
first  step  is  to  determine  Ihe  proper 
lengths  of  the  radiating  elements 
and  their  supports;  the  second,  to 
locate  the  proper  points  for  con¬ 
necting  the  feed  lines ;  and  the 
third,  to  calculate  or  otherwise  de¬ 
termine  the  proper  length  of  the 
feed-line  section.  All  of  these  steps 
must  be  taken  before  the  antenna 
is  mounted  in  its  fixed  position  on 
the  tower. 

Lacking  adequate  information  on 
velocity  of  propagation,  effect  of 
end  seals,  etc.,  it  is  almost  neces¬ 
sary  to  determine  final  dimensions 
by  cut-and-try  methods.  At  WBRL 
doing  this  was  made  easier  by  the 
fact  that  the  tower  on  which  it  was 
proposed  to  mount  the  array  was 
being  moved  anyway  and  this  for¬ 
tuitous  circumstance  made  it  pos¬ 
sible  to  borrow  the  top  25-ft  sec¬ 
tion  for  a  few  days.  This  section 
was  set  up  on  the  ground  and  used 
in  making  tests  not  only  of  the 
proper  dimensions  of  the  radiat¬ 
ing  system  but  also  of  the  best 
means  of  mounting  the  system  on 
the  tower. 

Three  layers  of  the  ultimate  an¬ 
tenna  were  erected  on  the  26-ft 
section.  Most  tests  were  made  on 
the  center  square-loop  in  order  to 
approximate,  as  nearly  as  possible, 
the  conditions  of  final  operation. 
A  small  crystal-controlled  power 
source  capable  of  providing  about 
10  watts  at  the  operating  fre¬ 
quency  of  44.6  Me  was  used  in  mak¬ 
ing  the  tests.  The  first  operation 
was  to  feed  power  into  a  phasing 
stub  and  determine  (by  checking 
the  standing  waves  along  the  ad¬ 
jacent  radiators)  the  proper  length 
to  cut  the  radiating  elements.  This 
length  was  found  to  be  10  ft,  6 
inches.  The  length  of  the  diagonal 
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supports  (7  ft,  5  in.)  could  then 
be  determined.  Using  this  infor¬ 
mation,  the  radiating  elements  for 
the  three  layers  were  constructed 
and  mounted  on  the  tower  section. 
Shorting  bars  were  placed  equidis¬ 
tant  on  all  four  phasing-stubs  of 
each  layer.  Feeding  power  to  the 
center  layer,  the  position  of  these 
shorting  bars  was  varied  simul¬ 
taneously  until  a  check  of  stand¬ 
ing  waves  indicated  the  proper  po¬ 
sitions.  These  positions  are  such 
that  the  bars  are  23  in.  out  from 
the  cgiter  of  the  tower. 

The  next  step  was  to  determine 
the  correct  feed-points  on  the  stubs. 
This  was  done  by  making  use  of 
the  slotted-line  method  of  measur¬ 
ing  impedance.  A  piece  of  concen¬ 
tric  line  something  over  a  wave¬ 
length  long  was  used  to  feed  power 
to  the  center  layer  of  the  array. 
This  line  had  holes  in  the  outer 
conductor  at  3-in.  intervals, 
through  which  a  vacuum-tube  volt¬ 
meter  probe  could  be  inserted.  By 
this  means,  the  standing-wave 
ratio  on  the  line  could  be  deter¬ 
mined.  A  ratio  of  six-to-one  indi¬ 
cated  the  desired  impedance  ter¬ 
mination.  The  position  of  the  feed 


FIG.  11 — CloMup  showing  the  feeder  ar¬ 
rangement  required  at  each  lereL  These 
lines  are  set  up  on  the  ground,  hence  the 
supporting  element  does  not  appear  in 
the  photograph 

points  was,  therefore,  varied  until 
such  a  ratio  was  obtained. 

The  point  arrived  at  by  this  pro¬ 
cedure,  15  in.  out  from  the  short¬ 
ing  bar,  was  assumed  to  be  the  cor¬ 
rect  feed  point  and  a  set  of  lines  to 
fit  this  condition  was  then  designed 
and  constructed.  As  mentioned 
previously,  the  short  lines  had  to 
have  an  elbow  in  them  in  order  to 
obtain  the  desired  electrical  length. 
Incidentally,  it  should  be  noted 
that  the  physical  length  of  these 
lines  (to  make  them  act  like  quar¬ 
ter-wave  electrical  lines)  is  con¬ 


siderably  less  than  a  physical 
quarter  wave,  not  only  because  of 
the  velocity  constant  of  the  lines, 
but  also  because  the  end  seals  add 
lumped  capacitance  which  further 
reduces  this  length.  As  a  result  it 
is  desirable  to  determine  the  pro¬ 
per  length  by  experiment.  This 
can  easily  be  done  (remembering 
that  a  true  quarter-wave  shorted 
at  the  far  end  reflects  an  infinite 
impedance  at  the  near  end)  by 
starting  with  a  length  something 
over-  a  quarter-wave,  cutting  off  a 
half-inch  at  a  time  until  the  sec¬ 
tion,  when  shorted  at  the  far  end, 
presents  a  maximum  impedance  to 
a  source  of  power  at  the  near  end. 
By  this  means  it  was  determined 
that  an  overall  length  of  47  in.  was 
correct  for  the  WBRL  short  lines. 

After  the  proper  dimensions  of 
the  radiating  and  feed  lines  had 
been  determined  in  this  way,  all 
pieces  were  cut  and  the  system 
erected  at  the  top  of  the  500-ft. 
tower.  No  further  adjustments 
were  attempted,  on  the  assufiip- 
tion  that  any  small  improvements 
that  might  be  made  when  working 
under  such  difficult  conditions 
would  not  justify  the  effort. 


FIG.  18 — ^Mooating  atrangMMnt  at  oach  loyar.  Th*  diagonals  which  support  tho  rodiot- 
ing  olomonts.  and  whoso  outor  onds  ionn  tho  matching  stubs,  aro  Insortod  Into  a  woldod 
contor-ploco  and  thon  dompod  to  the  towor.  B-F  ioodors  oro  shown 
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FIG.  1 — ^Work-rotating  and  quenching  orrongomont  usod  for  hardening  gear  FIG.  2 — ^Heating  and  quenching  arrangement  for 
taeth.  High-frequency  power  is  obtcdned  from  the  Lepel  ipork-gop  conrerter  hardening  the  bearing  surface!  of  a  crankshaft. 
Bsit  in  the  background.  The  work  coil  is  water-cooled,  ond  has  flattened  turns  An  air-core  transformer  feeds,  the  work  coil 


Induction  Hardening 


Rotation  of  work  eliminates  surface  irregularities  caused  by  the  coil  pattern  when  heating 
steel  rapidly  by  induction  heating  for  shallow  case  hardening 


For  hardening  applications  by 
induction  heating,  the  work  is 
generally  placed  within  a  load  coil. 
The  clearance  between  the  work 
and  coil  is  made  small  (about  ^ 
inch  clearance)  for  shallow  case 
hardening.  If  the  case  depth  is  not 
too  critical  (above  A  inch),  a  spac¬ 
ing  of  J  to  A  inch  is  satisfactory. 
With  small  clearances  between  the 
work  and  a  load  coil  having  one  or 
two  turns,  the  heat  can  be  concen¬ 
trated  on  a  narrow  portion  of  the 
part  which  moves  through  the  coil 
at  a  given  rate  of  speed.  Through 
high  concentration  of  power  on 
Bnch  a  small  area,  a  hardening  case 
of  0.007  inch  can  easily  be  obtained 
on  diameters  of  i  inch  with  30  kw 
input  from  the  line  and  at  a  fre¬ 
quency  of  350  kc. 

Such  rapid  and  continuous  heat¬ 
ing  and  quenching  results  in  very 
little  distortion  and  there  is  prac¬ 
tically  no  scale  formation  on  the 

Prom  a  paper  presented  at  the  Confer- 
on  Induction  and  Dielectric  Heating, 
i-Tiwago.  1945. 
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part.  Shafts  of  any  length  can  be 
hardened  by  this  progressive 
method.  The  shaft  must,  however, 
rotate  at  a.  slow  speed  while  pass¬ 
ing  through  the  heating  coil  to 
eliminate  any  irregularities  in  sur¬ 
face  hardness  due  to  cold  spots  pro¬ 
duced  by  the  coil  turn  pattern.  A 
similar  rotating  procedure  is  fol¬ 
lowed  in  the  heat  treating  of  gears, 
illustrated  in  Fig.  1. 

On  parts  where  it  is  impractical 
to  slip  a  coil  over  the  surface,  an 
arrangement  like  that  shown  in 
Fig.  2  is  used.  The  part  is  slowly 
rotated  against  a  semi-circular 
work  coil,  and  quickly  quenched  as 
soon  as  it  has  reached  the  desired 
temperature.  The  quench  ring  is 
shown  in  both  illustrations.  The 
heating  cycle  and  the  quenching 


cycle  are  automatically  controlled 
by  a  timer  to  assure  uniform  re¬ 
sults  on  all  parts  treated. 

Tunable  and  highly  flexible  spark 
gap  converters  for  induction  heat¬ 
ing  have  been  in  constant  use  in 
industry  for  over  17  years.  Many 
have  operated  continuously  for  over 
20  hours  daily. 

Their  low  maintenance  cost  is 
due  primarily  to  improved  spark 
gap  and  circuit  designs.  These 
units  operate  at  unity  power  factor 
and  are  provided  with  a  power 
control  switch  which  permits  a 
step-by-step  power  output  reduc¬ 
tion  .of  83  percent.  Normally-loaded 
heating  coils  having  one  turn,  with 
inside  diameter  as  large  as  48 
inches  or  as  small  as  i  inch,  can  be 
connected  to  the  converter  output 
leads  without  requiring  any  auxil¬ 
iary  equipment  or  expense  for  re¬ 
conversion.  Starting  is  instantan¬ 
eous  and  water  consumption  is  low 
(2  gallons  per  minute).  Power  and 
water  are  used  only  while  the  con¬ 
verter  is  in  actual  operation. 
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spectra! 

density 


Direct-Reading 

Color  Densitometer 


Nine-stage  multiplier  phototube  increases  sensitivity  of  commercial  black-and-white 
densitometer  sufficiently  for  accurate  measurements  of  modern  color  film  at  three  different 
wavelengths,  permitting  accurate  checking  of  product  quality  in  film  manufacture 
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Color  densitometer  in  use.  with  multiplier  phototube  head  raised  to  permit  placing 
film  in  position  orer  light-source  operture.  The  iiTe  knobs  ore  sero  adjustment 
controls.  Power  pock  for  amplifier  tube  is  ot  right,  behind  meter 


The  problem  of  density  meas¬ 
urement  on  ordinary  black- 
and  white  photographic  silver  im¬ 
ages  has  been  met  by  the  use  of 
reasonably  straightforward  opti¬ 
cal  and  electronic  designs.  How¬ 
ever,  the  sensitometric  evaluation 
of  modern  reversible  color  film  re¬ 
quires  an  enormous  increase  in  in¬ 
strument  sensitivity  because  the 
density  of  the  samples  must  be 
measured  at  each  of  three  wave¬ 
lengths  for  spectral  density  values 
up  to  3.0. 

By  using  a  photomultiplier  tube 
in  conjunction  with  a  simple  log¬ 
arithmic  circuit,  an  instrument 
having  the  desired  sensitivity  was 
designed  and  built  for  routine 
laboratory  use  on  all  films.  Be¬ 
fore  describing  the  final  design, 
some  of  the  problems  encountered 


in  designing  reliable  densitometers 
will  be  considered. 

Optical  Daasity 

In  sound  engineering,*  the  decibel 
is  a  more  useful  unit  of  measure¬ 
ment  than  the  voltage  or  current 
ratio.  For  similar  physiological 
reasons  optical  density  is  more 
useful  in  photographic  practice 
than  transmission  or  opacity.  Over 
a  remarkably  wide  range  of  values, 
the  human  eye  discriminates  equal 
changes  in  log  B  where  B  is  the 
brightness  of  the  area  examined 
(Fechner’s  Law),  Therefore,  in 
optics  it  is  customary  to  express 
the  light-absorbing  properties  of 
films  in  terms  of  density  D  =  log 
1/T,  where  T  is  the  transmission. 
A  density  of  2.0  thus  corresponds 
to  a  transmission  of  1/100. 


In  a  sense,  this  expression  is  in¬ 
complete  because  it  does  not  specify 
the  spectral  character  of  the  radia¬ 
tion  nor  the  sensitivity  of  the  re¬ 
ceiver.  Fortunately,  ordinary 
black-and-white  films  (silver  im¬ 
ages)  are  reasonably  non-selective 
in  their  spectral  absorption,  so  that 
in  most  circumstances  once  an  in¬ 
strument  is  properly  calibrated  it 
will  give  readings  which  have  a 
broad  application  to  ordinary  pho¬ 
tographic  problems.  All  specimens 
of  modern  color  film,  on  the  other 
hand,  are  distinctly  selective  in 
their  spectral  absorption.  Even 
areas  which  appear  gray  (color¬ 
less)  to  the  eye  are  not  neutral  ^ 
(non-selective  with  respect  to  spec¬ 
tral  absorption),  as  can  be  seen 
from  Fig.  1.  The  curve  of  integral 
density  shows  the  effective  density 
of  all  three  layers  of  the  film  to¬ 
gether  as  a  function  of  wavelength. 
The  other  curves  show  the  spectral 
absorption  characteristics  of  the 
individual  layers  of  which  the  film 
is  composed,  Y  being  yellow  (dense 
in  the  blue,  transparent  in  the 


tf  500  600  W 

Blue  Cneen  .  Red 

^  Wavelength  in  Mfflimicfons 

FIG.  1 — ^Density-woralength  relation!  for  a 
typical  multi-layer  emuliion  of  gray  tompl* 
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Interior  Tiew  of  color  densitometer,  showing  700-Tolt  Minimox  battery  pack 
for  dynodes  and  anode  of  multiplier  phototube 
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green  and  red),  M  being  magenta 
(dense  in  the  green,  trahsparent  in 
the  blue  and  red)  and  C  being  cyan 
(dense  in  the  red,  transparent  in 
the  blue  and  green). 

The  sample  depicted  in  this 
graph  appears  gray  to  the  eye  and 
represents  the  closest  approach  to 
a  non-selective  specimen  of  which 
the  color  process  involved  is  capable 
at  that  general  density  level. 

Analysis  of  Color  Film 

Many  problems  associated  with 
the  manufacture  and  use  of  color 
film  make  it  necessary  to  determine 
the  density  contribution  of  each  in¬ 
dividual  layer  of  a  given  specimen, 
since  the  color  of  every  elemental 
area  of  the  film  is  determined  by 
the  densities  of  these  three  dye  lay¬ 
ers.  For  instance,  in  production 
control  of  the  film  itself,  it  is  essen¬ 
tial  to  know,  quantitatively,  the 
density  contributed  by  each  layer, 
for  specimens  which  have  been  ex¬ 
posed  and  processed  according  to 
specific  standards. 

It  is  evident  that  if  spectrally 
pure  density  readings  are  made  at 
440,  540  and  680  millimicrons,  the 
relative  amounts  of  the  three  dyes 
present  in  the  specimen  can  be  esti¬ 
mated.  There  will  obviously  be 
some  error,  small  for  the  magenta 
and  cyan  dyes  and  significant  in 


the  case  of  the  yellow  dye  evalua¬ 
tion,  but  if  the  instrument  is  cali¬ 
brated  to  read  integral  spectral 
densities  at  these  three  wave¬ 
lengths,  the  extent  of  departure 
from  gray  for  practical  sensi- 
tometric  specimens  will  ordinarily 
permit  the  individual  dye  densities 
to  be  measured  directly  with  rea¬ 
sonable  accuracy. 

Further  consideration  of  the 


problem  will  reveal  that  it  is  essen¬ 
tial  to  use  nearly  pure  monochro¬ 
matic  light  in  making  the  measure¬ 
ments.  With  ordinary  black  and 
white  densitometers  unfiltered 
light  (from  an  incandescent  lamp) 
is  used  and  the  total  energy  inci¬ 
dent  on  the  specimen  may  be  a 
thousandfold  greater  than  that  in¬ 
cident  on  it  when  all  but  a  narrow 
wavelength  band  of  radiation  is 


2 — ^Pictorial  diagram  of  commercial  Ansco  Sweet  block- 
ond-white  densitometer,  with  0-3  density  range 
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FIG.  3 — Schematic  diagram  of  black-and-white  densitometer 
shown  in  Fig.  2,  using  ordinary  phototube  and  amplifier  tub* 


a^RONICS  — Wore*  1945 


lot 


eliminated  from  the  system.  There¬ 
fore!  in  the  analysis  of  color  film 
the  ;sensitivity  of  the  instrument 
must  be  greatly  increased  to  com¬ 
pensate  for  the  radiation  absorbed 
by  the  isolation  filters. 

UaiferBi'Seal*  ■laek-oad-White 
Daasitoiflatars 

Of  the  direct-reading  densi¬ 
tometers  commercially  available, 
and  giving  an  indication  of  the 
density  of  the  specimen  immedi¬ 
ately  upon  the  insertion  of  the 
sample  in  the  photometric  beam, 
one  which  had  been  previously  de¬ 
veloped  by  Ansco^  seemed  capable 
of  adaption  for  use  in  measuring 


color  densities  with  adequate  spec¬ 
tral  purity.  This  instrument  is  a 
reasonably  compact  unit  possess¬ 
ing  good  stability  and  a  uniform 
density  scale  over  the  entire  den¬ 
sity  •  range  of  0-3.  Its  operation 
may  be  understood  by  referring  to 
Fig.  2  and  3.  Light  from  a  16-cp 
auto  lamp  is  condensed  by  an 
aspheric  lens  on  an  aperture  (not 
shown)  over  which  the  sample  is 
located.  Light  transmitted  by  the 
sample  is  absorbed  by  the  surface 
of  a  type  929  phototube.  The  photo¬ 
tube  is  connected  in  series  with 
the  grid  of  the  6F6  triode  so  that 
the  grid  current  is  common  with 
the  phototube  current  for  all  ex¬ 
cept  extremely  low  current  values. 
A  rugged  1-ma  d-c  meter  having  a 
long  (8i-inch)  scale,  indicates  the 
densities  of  the  sample  directly 
and  is  calibrated  in  0.02  density 
per  division. 

fM 


From  Richardson’s  equation, 
Russell*  and  others  have  shown 
that  the  relationship  between  log 
grid  current  and  grid  voltage  (or 
plate  current)  is  theoretically 
linear.  Since  D  =  log  l/T,  this  cir¬ 
cuit  arrangement  permits  the  de¬ 
sign  of  an  instrument  whose  scale 
is  linear  in  terms  of  density.  In 
practice,  however,  it  has  been 
found  necessary  to  use  a  specific 
plate  load  resistance  in  order  to 
maintain  linearity  of  scale  reading 
with  respect  to  density  at  high  grid 
currents  (above  5  /^a)  and  an  ex¬ 
tremely  high  grid  resistor  (1000 
megohms)  to  maintain  linearity  at 
low  grid  current  values  (0.08  /xa 


and  less).  Although  the  plate  load 
resistor  is  effective  at  all  density 
levels  the  grid  bias  is  ineffective  at 
grid  current  values  corresponding 
to  specimen  densities  lower  than  2. 
The  grid  bias  serves  to  buck  out 
slight  gas  current  and  residual 
current  from  other  causes  which 
would  otherwise  result  in  too  low 
an  effective  photo-current  amplifi¬ 
cation  in  the  high-density  range. 

A  small  constant-voltage  trans¬ 
former  serves  to  stabilize  the  volt¬ 
ages  applied  to  the  lamp,  triode  and 
phototube.  Under  proper  condi¬ 
tions  an  accuracy  of  ±  0.01  may 
be  obtained  over  the  whole  density 
range. 

Use  of  Simple  Densitometer  for  Color 
Analysis 

In  connection  with  an  investiga¬ 
tion  of  the  spectral  characteristics 
of  photographic  wedges*  one  of 


these  instruments  was  equipped 
with  a  motion  picture  projection 
lamp  (250  watt),  a  double-lens  con¬ 
denser,  a  heat-absorbing  element 
and  color  filters.  Without  changing 
the  electronic  circuit,  it  was  pos¬ 
sible  to  measure  the  color  densi¬ 
ties  of  specimens  over  the  same 
0-3  density  range  with  this  system. 
However,  the  requirements  for 
spectral  purity  are  far  more  severe 
with  integral  tri-pack  color  film 
than  when  nearly  neutral  speci¬ 
mens  are  to  be  evaluated.  The  in¬ 
tegral  density  curve  in  Fig.  1 
shows  that  even  the  most  nearly 
neutral  specimens  of  color  film  have 
characteristic  absorption  bands. 

An  attempt  to  compensate  for 
the  absorption  of  monochromatic 
color  filters  by  increasing  the  in¬ 
tensity  of  the  light  source  to  the 
point  that  would  still  excite  the 
phototube  failed.  It  would  have 
been  possible  to  use  such  a  system 
for  the  green  and  blue  spectral 
regions  in  which  the  S-4  photo¬ 
surface  is  quite  sensitive  but  in 
the  red  region  this  photo-surface 
has  negligible  relative  sensitivity 
and  the  necessary  phototube  re¬ 
sponse  at  660  millimicrons  could 
not  be  obtained. 

Method  of  Improving  Sensitivity 

For  obvious  reasons,  it  is  im¬ 
practicable  to  obtain  increased 
sensitivity  by  amplifying  the  out¬ 
put  voltage  developed  across  the 
6F5  load  resistor.  Improved  sensi¬ 
tivity  in  this  type  of  circuit  must 
be  developed  in  the  photoelement 
if  the  desirable  features  of  the  or¬ 
iginal  instrument  are  to  be  re¬ 
tained.  The  substitution  of  a 
photo-multiplier  tube  for  the 
simple  phototube  was  considered, 
but  at  first  no  satisfactory  way 
could  be  found  to  couple  it  to  the 
grid  circuit  of  the  6F5.  The  6F6 
cannot  be  operated  successfully  at 
grid  currents  much  above  20  /ta 
and  the  grid  impedance  correspond¬ 
ing  to  0.02  fia  (this  value  repre¬ 
sents  the  grid  current  which  re¬ 
sults  when  a  density  of  3  is  meas¬ 
ured  and  the  maximum  or  zero- 
density  grid  current  is  20  fia)  is  of 
the  order  of  1000  megohms. 

Polarity  relationships  demand 
that  the  multiplier  and  its  power 
pack  be  connected  directly  to  the 
grid  and  that  its  anode  be  tied  to 
the  6F6  cathode.  Consequently,  the 


FIG.  4 — Schamotic  diogram  of  densitometer  as  modified  for  evoluation  of  modem 

reversible  color  film 
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fig.  5 — ^Dansity-wavelength  relations  lor 
the  filter  combinations  used  in  the  color 
densitometer 

entire  power  pack  has  to  be  in¬ 
sulated  with  respect  to  ground,  to 
an  impedance  value  of  the  order  of 
1000  megohms.  This  is  entirely 
out  of  the  question  for  conventional 
methods  of  coupling.  Furthermore, 
in  mensuration  circuits  of  this  sort 
the  stability  demanded  of  the  mul¬ 
tiplier-tube  power  supply  is  exces¬ 
sive  and  the  power  supply  circuits 
recommended  in  the  literature  for 
use  with  multiplier  tubes  would  be 
relatively  cumbersome  in  compari¬ 
son  with  the  remainder  of  the 
instrument. 

In  giving  special  attention  to 
the  requirements  for  a  power  sup¬ 
ply  of  unusual  stability,  it  became 
apparent  that  the  recently  devel¬ 
oped  miniature  dry  batteries  in¬ 
tended  for  portable  radio  use  form 
an  ideal  solution  to  this  problem. 
Nominally,  they  yield  67i  volts  per 
battery,  and  actually  71  volts  when 
new.  Other  characteristics  render 
them  suitable  from  the  standpoint 
of  physical  size,  long  life,  and  ease 
of  shielding. 

Ten  Minimax  batteries  were  used 
in  series,  one  for  each  dynode  and 
one  for  the  anode,  as  shown  in  Fig. 
4.  Operating  at  70  volts  per  stage 
the  multiplier  tube  gave  an  increase 
in  sensitivity  of  about  20,000  over 
the  simple  phototube.  Thp  pack 
measured  4x5x7  inches  and  was 
supported  on  polystyrene  cones  for 
insulation  inside  a  shielded  wooden 
imx.  In  order  to  minimize  leakage 
the  multiplier  tube  leads  are  guided 
i>y  a  single  polystyrene  bushing  at 
the  base  of  the  measuring  arm. 
Connections  to  the  multiplier  tube 
were  soldered  to  avoid  the  leakage 
sssociated  with  a  tube  socket. 

The  stability  of  the  battery  pack 


is,  of  course,  far  better  than  neces¬ 
sary.  The  current  drain  for  all 
dynode  stages  is  negligible  in  com¬ 
parison  with  the  load  for  which 
the  batteries  were  designed.  The 
life  is  therefore  the  same  as  the 
shelf  life  and  in  practice  the  bat¬ 
teries  can  be  used  for  up  to  two 
years  without  replacement. 

The  6F5,  normally  located  in  the 
measuring  arm,  was  remounted  in 
the  interior  of  the  instrument 
case  ^nd  the  regular  power  supply 
was  remounted  behind  the  instru¬ 
ment.  No  difficulty  had  previously 
been  experienced  with  oscillation 
in  the  production  of  the  commercial 
model  of  the  instrument.  However, 
in  this  adaption  a  definite  tend¬ 
ency  to  oscillate  exists  at  density 
readings  above  2.1  where  the  grid- 
to-cathode  impedance  becomes  ex¬ 
tremely  high.  This  was  suppressed 
by  using  a  0.01-/if  capacitor  be¬ 
tween  grid  and  ground.  Although 
desirable  from  the  standpoint  of 
oscillation,  a  larger  capacitor 
would  have  made  readings  sluggish 
at  high  densities. 

The  dark  current  of  many  com¬ 
mercial  multiplier  tubes  is  pro¬ 
hibitively  high  for  use  in  the  pres¬ 
ent  instrument.  Fortunately,  there 
is  a  large  individual  variation  and 
some  tubes  have  been  found  with 
dark  currents  as  low  as  0.002  ju,a  at 
70  V  per  stage  and  room  tempera¬ 


ture.  A  dark  current  in  excess  of 
0.005  /ia  cannot  be  tolerated  be¬ 
cause  the  dark  current  is  inher¬ 
ently  unstable  and  a  variation  of 
20  percent  of  the  total  dark  current 
would  introduce  inaccuracies  in 
the  higher  density  readings  if  the 
absolute  value  of  dark  currents 
were  larger  than  about  0.005  /la. 

A  similar  tube-to-tube  variation 
exists  with  respect  to  the  relative 
red-to-blue  sensitivity  of  the  photo¬ 
surface.  Since  a  tube  of  the  highest 
possible  red  sensitivity  is  required, 
tubes  are  selected  for  this  charac¬ 
teristic  as  well  as  for  low  dark 
current. 

Optical  System 

In  order  to  obtain  the  spectrally 
pure  radiation  necessary  for  valid 
measurements,  relatively  dense 
gelatin  filters  were  used  in  three 
special  combinations.  Wratten  fil¬ 
ters  36,  2A  and  38A  isolated  the 
blue  and  Wratten  62  and  16  the 
green.  A  Wratten  70  and  16  filter 
combination  used  in  conjunction 
with  a  2-percent  solution  of  CuCU  1 
cm  thick  isolated  the  red  radiation. 
The  spectral  quality  of  these  com¬ 
binations  is  shown  in  Fig.  5. 

In  Fig.  6  is  a  pictorial  diagram 
of  the  optical  system.  It  will  be 
seen  that  the  CuCl,  filter  is  perman¬ 
ently  interposed  in  the  light  beam. 
Since  this  filter  has  practically  zero 


FIG.  6 — Pictorial  diagram  of  the  opticol  control  lystem  uied  in  the  color 

densitometer 
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density  to  green  and  blue  radia¬ 
tion  it  has  no  significant  effect  upon 
the  spectral  character  of  the  radia¬ 
tion  in  these  portions  of  the  spec¬ 
trum.  However,  in  the  course  of 
using  the  instrument  it  was  dis¬ 
covered  that  the  solution  became 
more  dense  during  normal  heating 
of  the  instrument  as  a  whole.  The 
insertion  of  a  Jena  BG  17  glass 
heat-absorbing  filter  on  the  source 
side  of  the  CuClt  filter  largely 
eliminated  this  difficulty  with  heat 
from  the  lamp. 

When  the  different  color  filter 
combinations  are  interposed  the  in¬ 
tensity  of  the  light  source  must  be 
changed  in  order  to  maintain  the 
same  zero  density  reading.  A  tap 
switch,  electrically  and  mechani¬ 
cally  coupled  to  individual  poten¬ 
tiometers  and  the  filter  disc,  en¬ 
abled  the  operator  to  set  the  po¬ 
tentiometers  at  the  proper  values 
and,  thereafter,  leave  them  undis¬ 
turbed  in  spite  of  different  color 
filter  measurements. 

Calibration 

Commercial  phototubes  having 
different  kinds  of  photo-surfaces, 
even  though  they  may  both  be  of 
the  vacuum  type,  in  general  have 
markedly  different  relative  illumi¬ 
nation  .vs  photocurrent  relation¬ 
ships  (non-linear).  This  is  true, 
even  at  extremely  low  flux  (and 
current)  levels  and  when  all  of  the 
special  precautions  advised  by  the 
manufacturer  are  carefully  fol¬ 
lowed.  Since  this  effect  is  very 
pronounced  when  phototubes  of 
the  S-2  and  S-4  types  are  compared, 
the  possibility  of  using  both  types 
(one  where  high  green  and  blue 
sensitivity  is  required  and  the 
other  for  the  red)  is  eliminated  un¬ 
less  two  scales  are  provided  and 
circuit  complications  are  intro¬ 
duced. 

Fortunately,  however,  it  was  dis¬ 
covered  that  when  only  a  single 
photosurface  (at  least  of  the  S-4 
type)  was  involved  the  same  rela¬ 
tive  illumination  vs  photo-current 
relationship  existed  for  monochro¬ 
matic  radiation,  even  at  widely 
separated  wavelengths,  when  com¬ 
pared  at  identical  levels  of  photo¬ 
current.  This  circumstance  made 
it  possible  to  use  a  single  scale  for 
all  three  color  density  readings. 

The  scale  was  calibrated  to  agree 
with  a  standardized  silver  wedge 


of  known  spectral  density  charac¬ 
teristics. 

In  the  finished  instrument,  the 
on-off  switch  controls  the  power  sup¬ 
ply  both  for  the  6F5  tube  and  the 
optical  system.  After  three  or  four 
minutes  warm-up  the  instrument  is 
ready  for  use.  Compared  with  the 
simpler  black-and-white  densi¬ 
tometer  it  is  inherently  somewhat 
less  stable  and  there  is  a  greater 
tendency  to  drift.  However,  it  en¬ 
ables  the  operator  to  analyze  the 
dye  densities  of  large  numbers  of 
specimens  quickly  and  reliably.  In 
spite  of  its  greater  complexity  it  is 
still  far  simpler  to  use  and  much 
more  sensitive  than  conventional 
colorimeters  and  spectrophotom¬ 
eters  which  would  otherwise  have 
to  be  used  for  these  measurements. 

High-Density  Measurements 

When  the  filter  disc  is  oriented 
so  that  the  beam  is  not  intercepted 
by  any  filter,  black-and-white  densi¬ 
ties  can  be  measured  directly.  Due 
to  the  extremely  high  sensitivity  of 
the  multiplier  tube  the  meter  can 
be  made  to  read  zero  when  a  den¬ 
sity  of  3.0  is  interposed,  by  simply 
readjusting  the  intensity  of  the 
light  source.  Under  these  circum¬ 
stances,  the  instrument  will  read 
densities  between  3.0  and  6.0;  the 
operator  simply  adds  3.0  to  the 
scale  reading.  This  general  pro¬ 
cedure  can  be  extended  to  the  point 
where  a  density  of  7.3  reads  3.0 
on  the  output  meter  scale.  To  pre¬ 
vent  accidental  overload  of  the 
multiplier  tube  when  reading  high 
densities,  a  momentary-close  push¬ 
button  switch  is  inserted  in  the 
high-density  potentiometer  as 
shown  in  Fig.  7. 

Because  of  the  high  sensitivity 
of  the  multiplier  tube  to  room 
light,  when  the  measuring  arm  is 
lifted  there  is  danger  of  overload¬ 
ing  the  6F5  grid.  Therefore,  a  mer¬ 
cury  switch  was  mounted  in  the 
base  of  the  arm  to  open  the  multi¬ 
plier  anode-to-ground  circuit  when¬ 
ever  the  arm  is  raised. 

Other  Applications 

In  many  respects  the  problem  of 
measuring  color  reflection  densities 
is  similar  to  that  of  measuring 
color  transmission  densities.  A  re¬ 
flection  head  has.  been  made  which 
can  be  secured  to  the  measuring 
arm  when  desired.  It  accommo¬ 


dates  a  miniature  lamp,  light  from 
which  strikes  the  reflection  speci¬ 
men  at  an  angle  of  45  degrees.  The 
vertical  component  of  the  reflected 
beam  is  received  by  the  photomulti¬ 
plier  cathodes.  Color  filters  are 
placed  immediately  in  front  of  the 
multiplier  tube.  In  this  way  the 
instrument  has  been  used  as  a  di¬ 
rect-reading  reflection  color  den¬ 
sitometer  in  routine  analysis  of 
reflection  color  print  materials. 

The  combination  of  a  logarith¬ 
mic  response  and  extremely  high 
sensitivity  makes  the  instrument 
useful  for  other  purposes  than 
those  already  mentioned.  For  ex¬ 
ample,  it  has  been  used  to  record 
automatically  the  decay  character¬ 
istics  of  phosphorescent  substances. 
The  fact  that  a  1-ma  output  meter 
is  used  in  the  basic  instrument  to¬ 
gether  with  a  25,000-ohm  plate  load 
resistance  made  it  unnecessary  to 
alter  the  circuit  to  obtain  these 
graphs.  A  standard  model  1-ma 
Esterline-Angus  ink  recorder  was 
substituted  for  the  regular  output 


meter  and  the  curves  were  plotted 
directly. 

Another  example  where  the  char¬ 
acteristics  of  the  circuit  are  of 
considerable  advantage  is  in  micro¬ 
densitometry  for  such  purposes  as 
the  analysis  of  x-ray  diffraction 
patterns  and  line  spectrograms. 
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Engineering  Aspects  of 
TELEVISION  PROGRAMMING 


Up  to  thirty  fixed-position  television  cameras  per  studio,  all  under  finger-tip  control  of  the 
program  director  at  a  compact  control-room  console,  are  considered  essential  to  provide 
the  frequent  viewpoint  changes  to  which  moviegoers  have  become  accustomed 


This  Wsstinghousa  installation  of  large  banks  of  fluorescent  lamps  and  reflector 
spotlights  prorides  illumination  flexibility  which  would  supplement  the  camera 
flexibility  considered  essential  by  the  author 


By  VIR6INIA  M.  BRADLEY 

Formerly  Aeeiatant  to  Program  Manager 
Television  Station  W3XE 
Philco  Radio  d  Television  Corp. 
Philadelphia,  Pa. 

The  OPINION  is  often  expressed, 
by  those  who  have  seen  a 
large  number  of  experimental  tele¬ 
casts,  that  successful  commercial¬ 
ization  requires  more  improvement 
in  television  programs  than  in  pic¬ 
ture  quality.  On  first  consideration 
it  may  seem  that  program  produc¬ 
tion  problems  are  the  exclusive 
province  of  program  directors. 
Such  a  viewpoint  is  contrary  to 
good  practice  in  other  fields,  where 
analysis  of  purpose  and  process  are 
a  part  of  the  design  engineer’s  job. 

It  is  difficult  for  design  engi¬ 
neers  to  apply  thoroughly  the  prin¬ 
ciple  of  performance  analysis  to 
telecasting  equipment;  such  analy¬ 
sis  would  require  a  knowledge  of 
the  complex,  specialized  field  of  pro¬ 
gramming.  Pioneering  program 
directors,  on  the  other  hand,  are 
proceeding  justifiably  by  trial  and 
error  methods.  They  are  forging  a 
new  technique  by  borrowing  from 
older  arts — ^journalism,  advertis¬ 
ing,  painting,  broadcasting,  motion 
picture  production,  and  3000  years’ 
experience  in  theater  arts.  These 
men  are  artists  struggling  with 
elaborate  technical  equipment 
necessary  for  televising  the  sub¬ 
ject  material  they  create. 

A  specialist  in  engineering  can 
rarely  become  a  specialist  in  pro¬ 
gramming  as  well,  but  the  design 
engineer  must  find  working  an¬ 
swers  to  two  basic  questions :  What 
subject  material  is  interesting 
^hen  televised?  What  equipment 
*«  needed  for  the  most  effective  and 
I  ^expensive  handling  of  material? 


Future  television  programs  fall 
into  two  main  groups:  (1)  Live 
programs  telecast  as  presented  in 
a  studio  or  by  remote  pickup;  (2) 
canned  programs  recorded  on  still 
or  motion  picture  film.  The  table 
on  the  following  page  indicates  the 
general  types  of  programs  available 
for  television  use  in  each  of  these 
groups. 

Audiences  Expect  Changing  Viewpoints 

Regardless  of  subject  or  origina¬ 
tion  point,  television  equipment 
must  take  into  account  the  psychol¬ 
ogy  of  sight  and  man’s  seeing  hab¬ 
its.  In  life  the  human  eye  is  shift¬ 
ing  from  particular  to  particular  in 
endless  movement.  This  eye  move¬ 
ment  pattern  is  so  strong  it  is  ex¬ 
tremely  difficult  for  man  to  gaze 
steadily  at  one  spot  without  blink¬ 


ing,  for  prolonged  periods  of  time. 

In  a  telecast  the  camera  becomes 
the  viewer’s  eye.  Its  picture-frame 
limits  what  he  will  see.  Therefore, 
if  the  receiving  screen  is  to  hold 
his  continuous  attention,  the  cam¬ 
era  must  supply  the  movements 
which  his  eye  cannot  make.  It 
can  do  so  by  (1)  moving  toward  or 
away  from  the  subject,  (2)  by  fol¬ 
lowing  a  moving  subject,  and  (3) 
by  changing  the  viewpoint. 

The  first  two  alterations  can  be 
made  while  the  viewer  is  watching 
the  picture.  The  last  requires  the 
use  of  a  second  camera  whose  pic¬ 
ture  must  be  framed,  focused,  and 
checked  by  a  director  before  it  can 
be  broadcast  to  the  viewer.  Studio 
experience  has  shown  that  at  least 
a  minute  and  a  half  is  needed  to  do 
this,  and  it  must  be  done  while  the 
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TYPES  OF  TELEVISION  PROGRAMS 


1  LIVE  SUBJECT  MATERIAL  | 

CANNED  SUBJECT  MATERIAL 

Remott  OrisiiMtion 

Studio  Orisination 

Special  Effecb  Studio  Origination 

NEWS: 

Aeddtnts 

Rrcs 

liMUSurationt 

Fain 

Parades 

Conventions 

Political  Meetinss 

Lesislatures 

Civil  Courts 

“Town  Hall"  Meetinss 

Brinsi  liMcc— felt  tetitM  to  vitwm.  Faithfully  Irant- 
inlta  ptnofiality  of  local  and  national  pothiciam. 

NEWS: 

Commentators 

Television  permits  a  more  informal  approach,  with 
maps,  sketches,  diagrams  and  pictures  being  used  as 
visual  aids.  Viewers,  however,  do  not  want  to  sec 
the  commentator  dhiaiss  the  news — they  want  to 
visualize  what  he  speaks  about 

NEWSREELS: 

Daily  local  news,  by  silent  film  with 
commentary 

Newsreel  reports,  in  “March  of  Time" 
manner 

NEWS  PHOTOS: 

Picture  articles,  with  commentary  similar 
to  popular  pictorial  magazines 

Recorded  local  news  can  be  presented  for  wotken 
about  dinner  time,  but  regular  newsreels  and  docu¬ 
mentary  films  should  come  later  in  evening. 

SPORTS: 

Archery  Hone  Racins 

Baseball  Horse  Shows 

Basketball  Laaosse 

Bowlins  Polo 

Boxins  Sheet  Shootins 

Gew  iucins  Ski  Jumpins 

Football  Swimmins 

Golf  Tennis 

Hockey  Winter  Sports 

Ice  Skatins  Wrestllns 

High  in  viawtr  intaraiL  No  longar  confined  to  tmall. 
brilliantly  lifhtad  ipacat  (tanaitivitY  of  camera  picfc>up 
tubes  hat  been  waady  inoaated  at  result  of  war* 
ipontored  rttaaich). 

SPORTS; 

Ping-Pons 

Billiards 

Wrestling 

Boxing 

Card  games 

Sports  commentators  can  employ  visual  aids.  Tele* 
vbion  can  give  even  greater  cnioymcttt  than  on-the- 
spot  viewing  of  many  indoor  as  well  as  outdoor  sports, 
thus,  in  tewising  a  card  game  with  a  multi-camera 
set-up,  cards  and  facial  expressions  of  each  player  in 
turn  can  be  shown  as  play  progresses  around  the  table. 

SPORT  HLMS: 

Newsreels  of  sporting  events  too  distant 
for  remote  pickup 

Films  of  complete  events,  taken  for  tele¬ 
casting  at  a  more  convenient  or  de- 
i  sirable  later  time 

;  Documentaries  of  sport  subjects,  showing 

1  prowess  _and_  techniques  of  tamous 

1  athletes  .  1 

Films 'of  this  nature  can  serve  satisfactorily  until 'wST 
time  as  great  national  television  networks  are  available. 

PERSONALITY  PROGRAMS: 

Rovins  Television  Interviewer 

Interviews  at  special  events 
“People  are  Funny"  types  of  prosrams 

PERSONALITY  PROGRAMS: 

Interviews 

Special  human-interest  features 

Personality  Note:  Televising  twetty  girls  is  a  pro¬ 
gramming  must  They  will  be  employed  as  announcers 
and  for  purely  decorative  effect. 

DRAMATIC  PROGRAMS: 

Opera 

Operettas 

Plays 

Variety  shows 

Vaudeville 

Mono-dramas 

Talcvitins  theatre  bills  by  remote  pickup  takes  the 
viewer  where  he  would  like  to  be,  and  brings  dramatic 
events  he  might  not  otherwise  enjoy.  Drama  produced 
especially  fw  television  will  have  Its  own  special 
tedmique. 

DRAMATIC  PROGRAMS: 

Opera  Mono-dramas 

Operetta  Marionettes 

Plays  Puppets 

Vaudeville  Spontaneous  Drama 

Spontaneous  drama,  popular  in  the  theatre  of  the  16th 
and  17th  centuries,  involves  impromptu  dialog  with 
prearranged  plot  outlines,  and  has  unusual  audietKC 
holding  power. 

MOTION  PICTURES: 

Full-length  feature  pictures,  shorts  and 
cartoons 

Note:  Marionettes  are  well  suited  for  television, 
and  provide  a  complete  adult  theatre  requiring  only 
a  small  space.  Puppets,  controlled  by  hand  manipu¬ 
lation  rattier  than  sttin«,  have  identical  advantages 
and  are  especially  good  for  commercials. 

DANCING: 

Ballet 

Nisht  dubs 

Dancing,  with  its  visual  appeal,  makes  excellent:  ele* 
vision  material. 

DANCING: 

Ballet  ■ 

Chorus  dancing 

Interpretive 

Folk  dancing 

Dance  pantomimes 

MUSIC: 

Opera 

Operetta 

Special  Concert  Artists 

MUSIC: 

Musical  programs,  employing  visual 
program  notes 

Only  music  having  added  visual  attractions  should  be 
televised.  Pictures,  scores,  commentators,  and  close- 
ups  of  i>erforming  artists  can  be  shown. 

MUSIC: 

Mood  music,  employing  visual  com¬ 
mentary 

Need  not  be  elaborate.  Can  be  edited  from  film 
libraries  or  still  pictures  at  which  the  viewer  need 
glance  only  occasionally. 

LECTURES: 

University  lectures 
“Town  Hall"  series 

LECTURES: 

Any  subject — travel,  art,  science 

All  lectures  should  be  supplemented  with  still  or 
motion  pictures,  diagrams,  models,  etc.  Informal 
armchair  ai>proach  can  be  used.  Sketches  can  be 
drawn  while  speaking. 

DEMONSTRATIONS: 

Department  stores 

Universities,  on  scientific  subjects 

DEMONSTRATIONS: 

Any  art,  aaft  or  hobby  capable  of 
'demonstration 

Many  commercials  will  be  in  this  form. 

EXHIBITS: 

Commercial  shows 

Department  store  displays 

Museums 

Commercialt  here  can  well  permit  window-fhopping 
at  home.  Remote  pickups  arc  almost  essential  for 
showing  heavy  merchandise  like  furniture  and  autos. 

EXHIBITS: 

Fashion  shows 

Collector's  exhibits 

A  well-informed  announcer  is  required  as  i-^sler  of 
ceremonies,  to  explain  Items. 

EDUCATIONAL  PROGRAMS: 
University  classes 

Public  school  classes 

’  EDUCATIONAL  PROGRAMS: 

Broadlyf  speaking,  all  informational  programs  might  1 
however,  would  contain  subject  matter  arranged  for  in 
niques  of  illustrated  lectures,  demonstraliom,  exhibits. 

)e  considered  educational.  True  educational  progran^ 
struction  only.  Such  programs  would  employ  the  lech- 
and  all  the  devices  of  visual  education. 
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viewer  is  watching  another  picture. 

Both  in  the  motion  picture  and 
television  the  maximum  duration 
of  a  viewpoint,  without  loss  of 
viewer  attention,  is  about  one  min¬ 
ute.  Actually  audiences  are  condi¬ 
tioned  by  current  film  practice 
where  the  average  length  of  a  shot 
is  10  to  15  seconds,  and  hence  they 
expect  another  viewpoint  before  a 
minute  has  passed.  Because  a  sec¬ 
ond  camera  cannot  be  prepared  in 
this  time  interval,  at  least  three 
cameras  are  essential. 

Even  a  three-camera  system  is 
limited.  Although  any  combination 
of  two  alternating  viewpoints  can 
be  shown  while  a  third  is  being  set 
up,  the  pattern  of  changing  these 
viewpoints  must  be  continually  re¬ 
peated.  An  example  of  a  three- 
camera  sequence  would  be  1,  2,  1,  2 
until  3  is  set  up,  then  3,  2,  3,  2  un¬ 
til  1  is  again  ready,  and  so  forth. 
This  pattern  is  too  monotonous  to 
be  satisfying. 

Using  a  greater  number  of  cam¬ 
eras,  say  from  4  to  8,  offers  more 
variety,  but  it  also  adds  to  studio 
confusion,  increasing  the  margin 
for  error,  since  each  camera  re¬ 
quires  one  to  two  operators. 

Need  For  Visual  Rhythm 

Aside  from  these  limitations  and 
hazards,  there  is  a  still  greater 
weakness  of  the  system.  Audiences 
are  conditioned  not  only  by  the  rap¬ 
idly  changing  viewpoint  as  now 
used  in  the  film,  but  by  the  rhythm 
created  thereby.  Although  this 
rhythm  is  so  subtle  it  escapes  the 
viewer’s  notice,  it  nevertheless  has 
a  powerful  emotional  effect  upon 
him  similar  to  the  rhythms  in 
music  or  poetry.  The  effect  of  it  is 
apparent  in  less  artistic  presenta- 
I  tions.  A  radio  listener  is  immedi¬ 
ately  aware  whether  the  person  he 
hears  is  reading  or  speaking  ex¬ 
temporaneously.  This  subtle  ele¬ 
ment  is  so  important  that  an¬ 
nouncers  meticulously  cultivate  the 
patterns  of  impromptu  speech, 
y^en  a  subject  is  presented  with  an 
inappropriate  visual  ryhthm,  or 
®ven  without  one  at  all,  the  audi- 
*nce  is  conscious  that  something  is 
lacking. 

Television  programs  are  com¬ 
parable  to  the  motion  picture  in 
this  respect.  The  present  equip¬ 
ment,  even  employing  the  maxi¬ 
mum  of  six  cameras,  is  too  cumber¬ 


some  to  present  subjects  with  any 
visual  rhythm.  Until  more  flexible 
equipment  is  designed  this  element, 
essential  to  satisfying  programs, 
will  be  missing. 

In  order  to  create  a  visual  rhythm 
of  presentation,  the  program  di¬ 
rector  must  have  a  variety  of  view¬ 
points  at  his  command  without 
having  to  wait  for  any  one  to  be 
set  up  during  an  actual  telecast. 
Therefore,  it  is  desirable  to  have 
from  15  to  30  cameras,  mounted  and 
fixed  in  positions  predetermined  by 
the  director  according  to  the ‘sub¬ 
jects  to  be  televised,  and  supple¬ 
ment  these  with  an  operator-con¬ 
trolled  camera  for  viewpoints 
changed  while  being  telecast. 

Present  television  cameras  are 
too  bulky  and  heavy  to  be  used  in 
this  manner,  with  the  possible  ex¬ 
ception  of  follow  shots.  Instead, 
smaller  cameras  are  needed,  about 
the  size  of  a  standard  theater  spot 
light  and  easily  carried  and  set  up 
by  one  studio  hand.  All  mounting 
fixtures  should  be  standardized  to 
permit  multiple  use  of  cameras  in 
studios  and  at  remote  locations. 

Greater  sensitivity  is  urgently 
needed.  Television,  at  present,  com¬ 
pares  unfavorably  with  the  motion 
picture  in  its  ability  to  present 
mood  through  the  use  of  lighting, 
as  in  scenes  lighted  by  an  open 
fire.  Greater  sensitivity  is  also 
needed  to  televise  theater  produc¬ 
tions  by  remote  pickup. 

Control  Room  Requirements 

The  control  room  preview  panel 
for  a  system  of  many  cameras  in 
fixed  positions  need  have  no  more 
pictures  than  are  now  contemplated. 
Five  is  a  workable  number:  No.  1 
for  the  picture  being  telecast.  No. 
2  to  preview  the  next  viewpoint  to 
be  broadcast.  No.  3  for  an  addi¬ 
tional  previewing  picture.  No.  4 
for  preparing  shots  changed  dur¬ 
ing  presentation,  and  No.  5  for 
such  special  effects  as  motion  pic¬ 
ture  cut-ins,  titles,  and  models. 

A  switchboard  for  the  director 
(perhaps  patterned  after  a  type¬ 
writer  keyboard  or  an  organ  con¬ 
sole)  is  another  essential  piece  of 
control  room  equipment.  The  time 
lag  between  the  director’s  verbal 
command  for  a  switch  of  viewpoint 
and  the  actual  change,  when  made 
by  a  second  person,  is  extremely 
undesirable.  Furthermore,  the  di¬ 


rector’s  position  to  the  preview 
panel  should  correspond  to  that  of 
the  average  home  viewer. 

Advantages  of  Fixed  Cameras 

There  are  many  desirable  aspects 
of  a  fixed  camera  system.  First  of 
all,  studio  rehearsals  can  be  elimi¬ 
nated,  and  performers  will  not  need 
to  rehearse  before  the  cameras. 
Their  only  requirement  is  to  prac¬ 
tice  lines,  movement  and  business 
in  a  space  equal  in  size  and  corres¬ 
ponding  in  shape  to  the  actual  stu¬ 
dio.  This  is  necessary  because  move¬ 
ments  must  be  rehearsed  on  the  ex¬ 
act  scale  to  be  used  in  the  telecast. 
Forearmed  with  full  details  of  the 
subject  and  business  of  a  program, 
the  director  can  choose  camera 
viewpoints,  plot  the  sequence  of 
changes,  and  direct  the  telecast 
from  his  personal  cue  sheet. 

Cameras  can  be  set  up  and 
checked  before  a  program  goes  on 
the  air. 

The  director  can  function  as 
critic.  By  fencing  with  a  reper¬ 
toire  of  ready  viewpoints  the  di¬ 
rector  can  place  more  emphasis 
upon  his  function  as  idealized  spec¬ 
tator,  continually  anticipating  the 
viewer’s  desire  for  a  fresh  angle 
of  the  subject.  He  can  concentrate 
on  the  final  result  because  he  is  not 
preoccupied  with  the  mechanics  of 
directing  camera  changes  during 
the  actual  televising. 

Staffs  can  be  smaller.  Cameras 
in  fixed  positions  do  not  require 
operators,  and  a  crew  of  camera 
hands  can  service  more  than  one 
program. 

Cameras  in  fixed  positions  are 
suitable  for  remote  pickups. 
Mounted  before  a  telecast,  their 
use  eliminates  the  activity  and  con¬ 
fusion  of  operator-controlled  cam¬ 
eras,  an  objectionable  feature  of 
the  present  system. 

ConclHsleii 

New  types  of  studio  and  camera 
equipment  are  needed  to  meet  the 
demands  for  speed  and  flexibility 
of  operation  during  television  pro¬ 
grams.  'The  solution  lies  essen¬ 
tially  in  the  development  of  a  sim¬ 
pler  television  camera  that  can  be 
economically  used  in  large  numbers 
in  fixed  positions,  with  correspond¬ 
ing  changes  in  control  room  design 
to  permit  effective  changring  of 
viewpoints  by  the  director. 
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Tracking  Angle 


Distortion  due  to  tracking  error  can  be 
minimized  by  bending  the  pickup  arm 
and  overhanging  the  needle.  Equations 
are  developed  for  determining  optimum 
bending  and  overhang  for  any  given  con¬ 
ditions,  and  a  design  chart  is  provided  for 
use  with  12 -inch  records* 

By  B.  B.  BAUER 

Chief  Engineer 
Shure  Brothers, 

Chicago,  III. 


WLMOST  EVERYONE  conversant 
X^with  phonograph  reproduction 
is  familiar  with  the  fact  that  in  a 
straight  tone-arm  the  needle  enters 
the  groove  laterally  at  an  angle, 
which  has  some  undesirable  effects 
upon  the  record  and  upon  the  qual¬ 
ity  of  reproduction.  The  exact  na¬ 
ture  and  the  quantitative  amounts 
of  these  effects  appear  to  be  con¬ 
siderably  less  well  known. 

It  is  widely  recognized  that  such 
effects  can  be  corrected  by  offset¬ 
ting  the  tone-arm  head  and  adjust¬ 
ing  its  position  in  respect  to  the 
center  of  the  turntable.  Theory 
dealing  with  the  actual  amount  of 
the  necessary  adjustments,  how¬ 
ever,  is  not  generally  available  to 
tone-arm  designers  and  users.  The 
purpose  of  this  article  is  to  present 
to  phonograph  designers,  in  read¬ 
ily  useful  form,  quantitative  in¬ 
formation  regarding  tracking  an¬ 
gle  and  its  effects,  and  means  for 
minimizing  these  effects  in  modern 
phonograph  equipment. 

It  is  generally  accepted  that 
tracking  angle  produces  the  follow- 


Example  of  well-designed  modern 
tone  arm.  Proper  choice  of  off¬ 
set  angle  and  needle  orerhang 
reduce  tracking-error  distortion 
to  a  negligible  ralue 


ing  effects:  (a)  Record  wear;  (b) 
Distortion;  (c)  Side-thrust  upon 
the  record  grooves.  Much  has  been 
written  in  the  past  ten  years  about 
these  effects.  Oftentimes  only  one 
of  them  has  been  emphasized  at 
the  expense  of  the  others.  This  re¬ 
sulted  in  many  offset  arm  designs 
which  were  inferior  in  performance 
to  the  equivalent  straight  arms. 

Additional  factors  have  entered 
the  picture  recently  as  a  result  of 
the  introduction  of  home  record¬ 
ing,  light-weight  pickups,  per¬ 
manent-point  styli,  and  the  wide¬ 
spread  use  of  record  changers.  In 
order  to  deal  with  these  subjects 
systematically  the  various  effects 
will  be  treated  in  the  following 
order:  (1)  Geometry  of  the  track¬ 
ing  angle;  (2)  Record  wear;  (3) 
Side  thrust;  (4)  Distortion;  (6) 
Best  arm  offset;  (6)  Optimum  armi 
design. 

Definition  of  Tracking  Angie 

Let  a  tone  arm  having  an  effec¬ 
tive  length  I  inches  (distance  from 
the  center  of  the  pivot  to  the  needle 


point)  be  mounted  on  a  motor- 
board  with  its  pivot  d  inches  away 
from  the  center  of  the  record,  as 
shown  in  Fig.  1(a).  When  the 
needle  point  is  r  inches  away  from 
the  center  of  the  record  the  follow¬ 
ing  relationships  exist: 

r*  -j-  P  —  2rt  cos  6  =  (P  (1) 

r*  P  —  2rt  sin  ♦  =  d*  (2) 

where  6  is  the  angle  included  be¬ 
tween  the  lines  I  and  r,  and  4>  is 
the  tracking  angle  between  I  and 
a  line  tangent  to  the  groove  at  the 
needle  point.  Solving  for  sin  <f>: 

■in  d*  =  21  +  2fr  ^  ^ 

It  will  be  seen  that  the  amount  of 
arm  overhang  D  (swing  of  the  nee¬ 
dle  point  beyond  the  center  of  the 
turntable)  is  a  significant  param¬ 
eter.  Taking  advantage  of  the  fact 
that  d  =  I  —  D,  Eq.  (3)  may  be  re¬ 
written  as 

.  ^  r  ,  21D-  ]y  a\ 

Equation  (4)  is  precise  in  every 
respect,  but  does  not  lend  itself  to 
simple  analytical  treatment.  We 
shall  therefore  make  two  simplify* 
ing  assumptions,  that  D*  is  negli¬ 
gibly  small  compared  with  21D,  and 
that  sin  <f>  =  <^  in  radians.  When 
this  is  done,  Eq.  (4)  can  be  rewrit¬ 
ten  as 


no 
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<>de,  =  57.3  +  “) 

The  approximations  tend  to  be  mu¬ 
tually  compensatory,  and  Eq.  (6) 
provides  values  of  </>  which  are  cor¬ 
rect  within  approximately  1  deg,  as 
can  be  readily  demonstrated  by 
substituting  assumed  values  of 
variables  in  Eq.  (4)  and  (6).  This 
degree  of  approximation  is  ample 
for  the  problem  on  hand,  and  it  is 
well  justified  in  view  of  the  labor 
saving  which  it  affords.  In  all  the 
derivations  which  follow,  <f>r,d  is 
conveniently  used.  This  is  multi¬ 
plied  by  57.3  to  obtain  for  use 
in  final  calculations. 

Tracking  Angle  Curves 

Figure  1(b)  shows  graphically 
the  values  of  as  a  function  of 
the  radius  for  a  7i-inch  arm  and 
for  various  values  of  arm  over¬ 
hang  D.  The  custom  in  the  early 
’30s  was  to  use  straight  tone  arms 
pivoted  in  such  a  manner  that  the 
needle  point  passed  through  the 
center  of  the  record.  The  tracking 
angle  corresponding  to  this  condi¬ 
tion  is  represented  by  curve  AA 
for  D  =  0.  It  is  seen  that  <j>  at  the 
5.75-inch  radius  is  22  deg,  and  this 
gradually  decreases  to  7.6  deg  at 
the  inner  radius  of  2  inches.  The 
thought  of  a  needle  point  entering 
the  record  grooves  at  a  substantial 
lateral  angle,  together  with  the  fact 
that  this  angle  changed  throughout 
a  wide  range  of  values  and  thereby 
involved  continuous  regrinding  of 
the  tip,  was  not  especially  reassur¬ 
ing  to  phonograph  designers. 

The  most  obvious  answer — ^that 
of  greatly  lengthening  the  tone- 
nnn — was  found  to  be  impractical 
l>ecau8e  of  motorboard  space  limi¬ 
tations.  A  study  of  curves  similar 
to  those  of  Fig.  1  (b)  indicated  that 
the  remedy  might  lie  in  perform¬ 
ing  two  operations:  (1)  Swinging 
the  arm  beyond  the  center  of  the 
[ocord,  as  exemplified  by  curves  EE 
in  Fig.  1(b);  (2)  Bending  or  off- 
•etting  the  head  through  an  angle 
approximately  equal  to  the  aver- 
angle  over  the  range  of  radii 
(this  is  equivalent  to  raising  the 


zero-degree  ordinate  on  the  graph 
to  any  given  value  of  J3) .  It  should 
be  noted  that  ^  is  measured  clock¬ 
wise  from  the  line  connecting  the 
needle  point  with  the  pivot  point; 
it  is  not,  as  it  is  sometimes  erron¬ 
eously  assumed,  the  angle  between 
the  body  and  the  head  of  the  tone 
arm. 

As  an  example,  if  the  needle 
point  overhang  D  is  ii  inch  as  for 
curve  EE  in  Fig.  1(b),  the  track¬ 
ing  angle  varies  from  32  deg  at  6 
inches  through  27  deg  at  3.3  inches 
back  to  32  deg  at  the  2-inch  radius. 
Now,  if  the  pickup  head  is  bent  at 
a  29.5-deg  angle,  the  departure  of 
the  needle  from  tangency  is  re¬ 
duced  to  only  2.5  deg  on  either  side. 
The  difference  between  the  track¬ 
ing  angle,  <t>,  and  the  offset  angle, 
)8,  has  been  termed  tracking  error 
a,  for  it  indicates  how  short  of  per¬ 
fect  the  scheme  is. 

The  above  procedure  for  tracking 
angle  correction  (giving  minimum 
a)  appeared  to  remedy  all  of  the 
straight-arm  objections,  and  it  was 
widely  adopted  in  many  repro¬ 
ducers  built  in  the  years  of  1938- 
1941.  This  was  somewhat  unfor¬ 
tunate,  for  it  was  shown  later  that 
minimum  a  is  not  a  valid  criterion 
of  best  tracking. 

Record  Wear 

The  theory  behind  record  wear 
due  to  improper  tracking  angle  was 
based  upon  the  fact  that  the  spheri¬ 
cal  point  of  a  steel  needle  rapidly 
wears  down  to  a  chisel-point  after 
the  playing  of  the  first  few  grooves. 
As  the  tracking  angle  varies 
throughout  the  playing  of  the  rec¬ 
ord,  the  chisel-point  turns  with  re¬ 
spect  to  the  grooves  and  is  con¬ 
stantly  reground,  thereby  increas¬ 
ing  record  wear  over  and  above 
that  which  would  normally  exist.*’  * 

With  rare-metal  or  sapphire- 
tipped  needles,  the  point  remains 
spherical  for  many  hundreds  or 
even  thousands  of  plays.  There  is 
therefore  little  or  no  justification 
for  fearing  increased  record  wear 
due  to  moderate  amounts  of  track¬ 
ing  angle  with  modern  playback 


(b)  Groove  Radius  in  Inches 


FIG.  1 — Diagram  ihowing  dimaniiont 
and  onglcB  inToWed  in  ton*  arm  de¬ 
sign.  and  curres  showing  how  tracking 
angl*  yaries  with  groov*  radius  for  dif- 
l•r•nt  Toluos  of  n**dl*  OT*rhang  D.  All 
linear  dimensions  aim  in  inches 

equipment  if  the  permanent-point 
needles  are  not  employed  beyond 
their  rated  life. 

Sid*  Tlir*st 

Due  to  friction  between  the  needle 
and  the  groove,  there  is  a  force 
F  upon  the  needle  point  in  the  di¬ 
rection  of  the  line  tangent  to  the 
groove.  This  force  is  quite  inde¬ 
pendent  of  the  angle  which  the 
pickup  head  makes  with  the  groove, 
and  it  depends  only  upon  the  verti¬ 
cal  needle  force  F,  and  upon  the 
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FIG.  2 — Manner  in  which  a  sinusoidal  wore  form  is  distorted  FIG.  3 — Frequency  modulation  effect  in  phonograph  pickup 
due  to  trocking  error  output  due  to  tracking  error 


coefficient  of  friction  /x  between 
the  needle  point  and  the  record 
(F  =  fiFt) .  The  value  of  /*  varies 
with  the  type  of  record  material 
and  also  with  the  amount  of  groove 
modulation.  For  most  record  mate¬ 
rials  and  light  needle  forces,  /x  is 
roughly  J.  With  heavy  pickups  and 
soft  records,  /x  may  be  considerably 
greater. 

The  force  diagram  at  the  needle 
point  in  Fig.  1  (a)  indicates  the  ac¬ 
tion  of  the  frictional  force.  It  is 
seen  that  F  has  a  tangential  com¬ 
ponent  Ft  which  is  borne  by  the 
arm  pivot,  and  a  radial  component 
Fr  which  tends  to  pull  the  pickup 
toward  the  center  of  the  record  and 
which  is  borne  by  the  inner  side  of 
the  record  groove.  From  the  force 
parallelogram  it  is  seen  that  Fr  =  F 
tan  <t>.  This  force  is  not  altered  by 
any  conceivable  twisting  of  the 
pickup  head.  For  any  given  record 
and  pickup,  Fr  is  therefore  a  func¬ 
tion  only  of  r  and  D. 

Take  again  the  case  of  a  7i-inch 
arm  with  the  needle  passing 
through  the  center  of  the  record, 
corresponding  to  curve  AA  in  Fig. 
1(b).  The  tracking  angle  is  22.5 
deg  (tan**  0.416)  at  the  6-inch  ra¬ 
dius  and  7.6  deg  (tan**  0.133)  at 
the  2-inch  radius.  If  (i  is  assumed 
to  be  I,  the  side  thrust  correspond¬ 
ing  to  these  angles,  in  a  1-oz 
pickup,  is  0.14  and  0.05  oz  respec¬ 
tively. 

If  Z>  is  i  inch  as  for  curve  CC  in 
Fig.  1(b),  the  angles  are  28  deg 
(tan**  0.63)  and  22  deg.  (tan**  0.40) 
and  the  corresponding  side  thrust 
is  0.18  and  0.18  oz  respectively. 
Swinging  the  arm  beyond  the  cen¬ 
ter  of  the  record  thus  increases  the 
side  thrust  and  keeps  it  more  or 
less  uniform  throughout  the  play¬ 
ing  of  the  record. 

It  has  been  pointed  out  that  mod¬ 
erate  side  thrust  may  not  be  detri¬ 
mental  because  it  helps  to  overcome 
pivot  bearing  friction.  On  the  other 


hand,  the  unduly  large  values  of 
D  employed  in  some  instances  in¬ 
crease  Fr  beyond  the  safe  point. 
Some  phonographs  cannot  repro¬ 
duce  home-recording  records  be¬ 
cause  the  side  thrust  becomes  large 
enough  to  pull  the  tone-arm  out  of 
the  groove  toward  the  center  of  the 
record. 

Record  Changer  Requirements 

The  effect  of  arm  placement  upon 
the  side  thrust  is  most  pronounced 
at  inner  radii  of  the  record.  This 
makes  side  thrust  of  special  interest 
in  connection  with  record  changers. 
Some  changers  require  a  force  di¬ 
rected  away  from  the  center  of  the 
record  to  actuate  the  tripping  mech¬ 
anism.  In  supplying  this  force,  the 
tone  arm  is  aided  by  the  use  of  low 
and  negative  values  of  D.  Other 
changers  require  a  force  directed 
toward  the  center  of  the  record. 
This  can  be  aided  by  the  use  of 
larger  values  of  D.  Such  procedure 
may  not  be  consistent  with  the  con¬ 
ditions  of  minimum  tracking-error 
distortion.  In  record  changers,  a 
slight  compromise  in  distortion 
may  be  justified  if  reliable  opera¬ 
tion  of  the  tripping  mechanism  is 
helped  thereby. 

An  occasional  source  of  greatly 
increased  side  thrust  is  found  in 
some  of  the  needles  which  have  re¬ 
cently  appeared  on  the  market. 
Many  of  these  needles  are  for¬ 
wardly  bent  so  that  the  effective 
value  of  D  is  increased  by  J  to  i 
inch.  In  general,  there  are  no  ap¬ 
parent  ill  effects  due  to  the  use  of 
such  needles ;  however,  instances 
are  known  when  tracking  has  been 
impaired  because  of  increased  side- 
thrust. 

The  effect  of  sidethrust  can  be 
kept  within  safe  limits  if  it  is 
recognized  that  the  tone  arm  is 
often  called  upon  to  track  at  groove 
radii  less  than  2  inches.  Because 
of  this,  a  minimum  radius  of 


inches  is  used  in  all  the  following 
calculations  pertaining  to  12-inch 
records.  When  this  precaution  is 
observed,  side  thrust  developed 
with  optimum  values  of  D  is  quite 
harmless  in  low-weight  pickups. 

Distortion 

When  the  axis  of  the  pickup 
cartridge  is  not  tangent  to  the 
groove,  the  needle  motion  is  not 
perpendicular  to  the  groove,  giving 
rise  to  distortion.  Mathematical 
analysis  of  this  distortion  has  been 
made  by  Baerwald*.  The  simplified 
derivation  given  below  helps  to 
bring  out  the  essential  physical 
factors  involved  and  yields  results 
which  are  sufficiently  accurate  for 
all  intents  and  purposes.  The  solid 
line  in  Fig.  2  represents  a  sine- 
wave  modulated  record  groove,  and 
the  dotted  line  is  the  distorted  sinu¬ 
soid  representing  the  needle  mo¬ 
tion  when  a  =  30  deg. 

When  a  =  0,  the  equation  of 
needle  point  displacement  is  the 
same  as  that  of  the  groove.  (Elas¬ 
tic  deformation  of  the  record  mate¬ 
rial  and  pinch  effect  are  neglected). 
AssuAie  that  initially  the  needle 
point  is  at  0  and  a  =  0.  When  the 
groove  travels  a  distance  x  (from 
0  to  X) ,  the  needle  moves  from  0 
to  P  and  its  lateral  displacement  y 
in  inches  equals 

y  =  il8in2jr*/X  (7) 

where  A  is  maximum  groove  amp¬ 
litude  in  inches,  and  X  is  the  wave¬ 
length  of  groove  modulation  in 
inches.  However,  if  the  tracking 
error  a  >  0,  the  needle  point  moves 
to  Q  instead  of  P ;  in  so  doing  it  ad¬ 
vances  horizontally  a  distance  ap¬ 
proximately  equal  to  d  =  ya,  wheW 
a  is  in  radians.  This  is  approxi¬ 
mate,  but  close  enough  for  our  pur¬ 
pose.  Instead  of  being  at  X,  the 
horizontal  projection  of  the  needle 
point  is  now  at  Xi.  The  equation  of 
the  motion  described  by  the  needle 
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point  is 

yi  =  A  sin  xi  =  A  sin  ^  (x  f  J/a)  (8) 

A 

Substituting  in  Eq.  (8)  the  ex¬ 
pression  for  y  in  Eq.  (7)  now 
gives 

.  /2vx  2-ir  A  a  .  2Trx\ 

+  (9) 

If  the  groove  moves  with  a  veloc¬ 
ity  of  V  inches  per  second,  then 
X  =  Vt  and  /  =  V/X  cycles  per  sec¬ 
ond,  and 


modulation  phenomena,  this  gives 
rise  to  inharmonic  terms  having 
frequencies  (/  -f  A),  if  +  2/x),  etc. 
Analysis  of  the  nuisance  value  of 
this  distortion  is  somewhat  com¬ 
plex’  but  the  overall  results  may  be 
roughly  estimated  from  harmonic 
analysis  of  Eq.  (11).  This  equation 
may  be  expanded  algebraically  into 
its  harmonic  components: 


^  r-  , 

1/1  =»  -  sin  ut  cos  I  • 

cos  a  L  V 


a 


sia  ui 


yi^  A  sin  ^  wt  -f  — -pr—  sin  (10) 

What  is  of  interest  is  not  Vi  but 
the  lateral  motion  of  the  needle 
point,  which  is  y*  =  j/j/cosa;  there¬ 
fore, 

yi  =  sin  (  ut-\r  “v--  an  wi'j  (H) 
cos  a  \  V  / 


FreqHency-Modulation  Effect 


Examination  of  Eq.  (11)  shows 
that  there  is  a  slight  increase  in 
playback  level  due  to  the  l/cosa 
term,  and  frequency  modulation  of 
the  signal.  In  Eq.  (10),  let  — 
A  sin  \j/.  Differentiating  ^  to  ob¬ 
tain  instantaneous  angular  veloc¬ 
ity  0),, 


(Of  =» 


dip 

It 


w  + 


cos  (at 


<ai  —  (a 


(a  A  a 


cos  <at 


(12) 


The  instantaneous  frequency  of 
the  signal  is  thus  modulated  at  a 
rate  equal  to  its  own  frequency 
and  with  a  frequency  deviation  of 
<dA*/V.  This  is  of  special  interest 
when  the  wave  is  complex,  consist¬ 
ing  of  a  large-amplitude,  low-fre¬ 
quency  fundamental  /  and  a  small- 
amplitude  higher-frequency  com¬ 
ponent  /i.  This  effect  is  indicated 
graphically  in  Fig.  3.  It  may  be 
shown  that  fi  is  modulated  at  a  fre¬ 
quency  /  by  the  amount  given  in 
parentheses  in  Eq.  (12).  In  a  man¬ 
ner  identical  to  other  frequency- 


-H  cos  <at  sin 


(^^sincoi)] 


.  It  will  be  shown  later  that  nor¬ 
mally  a)Aa/y<0.06  radian;  there¬ 
fore,  with  an  error  not  in  excess 
of  1  percent,  one  may  state  that 


.  /<aAa  .  \  .wAa  . 

Sin  I  — p—  sm  (at  — p—  sin  (at 

((aAa.  , 

— p—  sin  (at  I 

Substituting  these  simplifications 
in  the  expansion  of  Eq.  (11)  gives 


Vi 

y%  = 


A  /  . 

- I  SI 

cos  a  \ 

(si 


.(aAa.  ' 

Sin  ut  -1 - =7 —  sin  ut  cos  (ot 


A 

cos  a 


sin  ut  -b 


2V 


sin  2  orf  )  (13) 


Second  Harmonic  Distortion 

Equation  (13)  consists  of  a 
fundamental  and  a  double-fre¬ 
quency  term,  representing  second 
harmonic  distortion.  Distortion  is 
given  by  the  modulus  of  the  second 
term  in  parentheses: 

Percent  2nd  harmonic 

(amplitude)  =  X  100  (14) 

This  is  on  an  amplitude  basis;  on  a 
velocity  basis  harmonics  are  ac¬ 
centuated  in  proportion  to  the  fre¬ 
quency,  hence  , 

Percent  2nd  harmonic 

(velocity)  =  -  y—  X  100  (15) 

For  ease  in  interpreting  Eq.  (15) 
let  the  angular  velocity  of  the 


record  be  2v:  times  speed  in  rps. 
Then  the  linear  groove  velocity  is 
proportional  to  the  radius,  and 
hence  V  =  oirf.  Inserting  this  in 
Eq.  (15)  gives 
Percent  2nd  harmonic  = 

X  100  (16) 

UrT  ' 

From  Eq.  (16)  the  following  is  con¬ 
cluded  : 

(a)  Distortion  is  proportional  to 
the  ratio  between  tracking  error  a 
and  groove  radius  r.  The  ratio  a/r 
may  therefore  be  considered  as  an 
index  of  distortion.  If  distortion 
is  not  to  exceed  a  given  value 
throughout  the  playing  of  the  rec¬ 
ord,  this  value  of  a/r  must  not  be 
exceeded. 

(b)  Differentiating  Eq.  (7)  with 
respect  to  time,  it  is  found  that 
maximum  groove  modulation  veloc¬ 
ity  equals  toA.  Distortion  is 
therefore  directly  proportional  to 
the  velocity  of  groove  modulation. 

(c)  Distortion  is  inversely  pro¬ 
portional  to  the  speed  of  the  record. 
For  equal  distortion,  more  careful 
tracking  angle  correction  is  re¬ 
quired  in  33-rpm  discs  than  in  78- 
rpm  discs,  other  factors  being  the 
same. 

Example  of  Distertion 

As  a  specific  example  of  distor¬ 
tion  due  to  straight  arms,  assume  a 
modulation  amplitude  of  0.0017 
inch  and  a  frequency  of  250  cps, 
equivalent  to  a  modulation  velocity 
a)A  of  2.67  inches  per  second.  These 
conditions  are  chosen  because  they 
constitute  a  maximum  velocity  on 
an  Audiotone  test  record  which  has 
a  constant  amplitude  characteris¬ 
tic  from  50  to  250  cps  and  a  con¬ 
stant  velocity  characteristic  there¬ 
after.  In  a  78-rpm  record  = 
2^(78/60)  =  8.16  radians  per  sec¬ 
ond.  Now,  take  the  case  of  a 


FIG.  4 — Graphicol  proc0dure  for  detannlning  the  best  arm  offset  angle  for 
Torioxu  overhong  volues  ranging  from  no  overhang  (a)  to  0.78-inch  overhang  (d) 
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straight  pickup  with  the  needle 
passing  through  the  center  of  the 
record.  From  Eq.  (6),  tracking, 
angle  (and,  in  this  case,  tracking 
error  a)  equals  r/2l  radians  and 
d/r  equals  1/22  radians  per  inch. 
Substituting  these  values  into  Eq. 
(16),  it  is  found  that,  in  the  con¬ 
stant-velocity  portion,  distortion  is 
constant  at  all  radii  and  equals  2.2 
percent.  This  constancy  is  to  be 
expected  from  considerations  made 
in  connection  with  Eq.  (16). 

It  is  doubtful  that  this  amount 
of  distortion  is  significant  in  the 
majority  of  phonograph  apparatus. 
However,  questions  arise  regard¬ 
ing  distortion  on  records  with  levels 
higher  than  the  Audiotone. 

The  relative  levels  of  modulation 
velocity  may  be  determined  by  ex¬ 
amination  of  the  width  of  reflected 
light  patterns.*  Comparison  of  pat- 
em  width  of  commercial  pressings 
with  the  Audiotone  record  indicates 
that  the  former  exhibit  modulation 
levels  2  to  2i  times  greater  than  the 
latter.  Therefore,  in  playing  com¬ 
mercial  recordings,  a  tracking  er¬ 
ror  distortion  of  4  to  6  percent  may 
be  expected  with  straight-arm  re¬ 
producers.  These  values  are  com¬ 
parable  to  other  distortions  found 
in  phonograph  reproduction ;  no  one 
should  expect,  therefore,  startling 
improvements  in  fidelity  due  to 
elimination  of  tracking  error.  How¬ 
ever,  even  a  moderate  amount  of 
distortion  added  on  top  of  other 
distortions  in  the  system  may  be¬ 
come  greatly  annoying,  especially 
in  extended-range  systems. 

Determining  Arm  Offset 

To  determine  the  proper  arm  off¬ 
set  for  any  given  D,  we  use  track¬ 
ing  angle  curves  like  those  in  Fig. 
1(b).  Curves  for  four  selected 
values  of  D  have  been  drawn  in 
Fig.  4.  In  each  instance  we  shall 
find  the  value  of  p  for  the  least  a/r, 
corresponding  to  the  least  distor¬ 
tion  possible  with  the  given  D.  In 
so  doing  we  shall  also  have  solved 
the  converse  problem:  “What 
should  D  be  for  an  arm  of  given  j8”? 

In  Fig.  4(a),  <f>  is  shown- for  the 
condition  of  Z  =  7.5  inches  and  D 
=  0.  Tracking  angle  varies 
from  22  deg  at  the  5.75-inch  radius 
to  6.7  deg  at  the  1.75-inch  radius. 
For  straight  arms  a  =  <f>,  and  a/r 
=  22/5.75  =  3.8  deg  per  inch.  This 
has  been  found  to  produce  .distor¬ 


tion  of  from  four  to  six  percent. 

Consider  now  the  arm  which  is 
offset  at  an  angle  of  10.3  deg.  Here 
a  at  5.75-inch  radius  is  22  --  10.3  = 
11.7  deg;  a  at  1.75-inch  radius  is 
10.3  —  6.7  =  3.6  deg.  For  both  ra¬ 
dii,  a/r  is  now  2  deg  per  inch. 
Offsetting  the  arm  10.3  deg  has  re-' 
.duced  distortion  by  a  ratio  of  al¬ 
most  2:1. 

An  offset  of  10.3  deg  produces 
lowest  distortion  in  a  7.5-inch  arm, 
if  D  equals  zero.  This  can  be  easily 
verified  by  repeating  the  above  cal¬ 
culations  for  values  of  p  other  than  . 
10.3  deg.  If  one  extends  two  lines 
from  the  10.3-deg  point  on  the 
zero-inch  ordinate  to  the  two 
terminals  of  the  curve,  as  shown 
in  dotted  lines  in  Fig.  4(a),  it  be¬ 
comes  apparent  that  the  slopes  rrh 
and  m,,  in  degrees  per  inch,  are 
equal  and  opposite.  It  is  not  diffi¬ 
cult  to  reason  out  that  this  is  a 
necessary  and  sufficient  condition 
for  least  a/r.  Therefore,  in  deter¬ 
mining  the  arm  offset  for  any  given 
D,  the  following  procedure  may  al¬ 
ways  be  employed: 

Draw  the  ^-curve  corresponding 
to  the  given  I  and  D  between  the 
limits  n  and  r,.  Extend  straight 
lines  just  bounding  the  <^-curve  on 
each  side  from  a  point  on  the 
zero-inch  ordinate  such  that  the 
slopes  mi  and  m,  are  equal  and  op¬ 
posite.  Angle  )3  is  then  the  offset 
angle  yielding  least  tracking  error 
distortion.  This  procedure  is  valid 
for  any  and  all  values  of  Z,  D,  n 
and  r,. 

In  the  instance  when  the  slope 
lines  touch  the  two  extremities  of 
the  <^-curve  (as  in  the  above  ex¬ 
ample),  p  can  also  be  found  analy¬ 
tically  without  any  difficulty.  Track¬ 
ing  angles  and  in  radians  at 

radii  n  and  r,  are 

♦i  =  ri/2l  -f-  D/n  (17) 

=  r,/2i  +  D/rt  (18) 

If  the  two  slope  lines  are  equal, 

(/3  ~  *i)/ri  =  (*2  -  /3)/r,  (19) 

Substituting  Eq.  (17)  and  (18) 

into  (19)  and  solving  for  radians, 

ih+h)^+T 


/3 

If  D  =  0, 


1  +  1 

n  r-i 


when  the  needle  passes  through 
the  center  of  the  record.  If  /3  =  0, 

1 

(22; 


D  -  - 


(20) 


(21) 


(1  +  1) 

vn  ri  / 

This  gives  the  best  arm  offset 


This  indicates  that  straight  arms 
should  be  underhung  for  least  dis¬ 
tortion. 

Equation  (20)  represents  a  fam¬ 
ily  of  straight  lines.  This  family, 
for  12-inch  discs,  is  given  in  Fig. 
5,  and  it  extends  from  the  0-deg 
ordinate  to  the  inclined  dotted  line 
labelled  “Limit  of  simple  placement 
equation.” 

For  values  of  D  greater  than  in¬ 
dicated  by  the  limit  line,  Eq.  (20) 
is  no  longer  valid  because  the  lower 
slope-line  rrh  touches  the  (^-curve 
at  a  point  other  than  <^i.  Such  a 
situation  is  shown  in  Fig.  4(b)  for 
a  7.5-inch  arm  when  D  =  3/8  inch. 
For  the  least  a/r,  p  is  now  found 
to  be  20.3  deg  by  employing  the 
graphical  method  given  before. 
The'  analytical  relation  between  p 
and  D  is  given  in  this  instance  by 

V(^-^)(v^^^rO 

(f-o) 

(23) 

The  derivation  of  this  equation  is 
not  difficult,  but  it  is  tedious 
enough  to  be  relegated  to  the  Ap¬ 
pendix.  The  family  of  curves  rep¬ 
resented  is  a  set  of  curved  lines 
which  are  extensions  of  the 
straight  lines  of  Eq.  (20). 

A  careful  study  of  Fig.  1(b)  or 
Fig.  4  reveals  that  progressive  in¬ 
crease  of  D  (and  use  of  the  cor¬ 
responding  best  p)  diminishes  the 
distortion  index  a/r.  This  is  shown 
by  the  diminishing  angle  between 
the  two  bounding  lines  vh  and  rrh 
In  the  instance  of  D  =  3/8  inch 
given  above,  a/r  is  1.0  deg  per 
inch,  which  is  a  4:1  decrease  com¬ 
pared  with  a  straight  arm. 

As  D  is  increased  further,  the 
point  is  finally  reached  when  n/r 
is  minimum  and,  distortionwise, 
optimum  arm  design  is  achieved. 
This  is  shown  in  Fig.  4(c)  where 
a/r  is  only  0.6  deg  per  inch.  In  Fig- 
5,  the  relation  between  p^tt  and 
Dop,  is  given  by  the  straight  dotted 
line  labeled  “Line  of  optimum  arm 
design.” 

Example  of  Excessive  Offset 

Beyond  the  optimum  point,  the 
upper  slope-line  w,  passes  through 
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and  the  angle  between  mi  and 
Mt  again  increases — and  so  does 
distortion  and  side  thrust.  This 
condition  occurs  in  a  number  of 
pre-war  arms. 

Figure  4(d)  shows  proper  place¬ 
ment  of  a  7i-inch  arm  having  an 
offset  angle  of  30  deg.  The  best 
value  of  D  here  is  0.78  inch. 

The  derivation  of  the  best  place¬ 
ment  equation  is  given  in  the  Ap¬ 
pendix.  For  least  distortion,  the 
relation  between  /5  (radians)  and 
the  corresponding  D  (inches)  is  as 
follows : 


_ 

aaaaaaaaaaaaaaaaaRvwxi^^i^KiBBBBBBBBa 
BBBBBBBiBBBBBBBBRK»K>^:^.J^K«aBBBBBaBi:a 
BBBBBBBBBBBBBBBaKK'i^f^J^KXBBBBBeHaflaB 
BBBBBBBBBBBBBBRffKK^foxiBBEgi^BjfBB 

iiBBiBBBaaBK^i^^K^^Mr 

BBBBBBBBBSf:a8rf^SSKaBBBBBBBBBBBBBBBB 

BBBBBRSmSS§il^Z«BBBBBBBBBBBBBBBBBBB 

BBBPaPBK#SS^'^.>2^aBBBBBBBBBBBBBBBBBBB 

BBBSaSRpSS^^J^SBBBBBBBBBBBBBBBBBBBBB 

Pf^BBa^r.PS^2#Z;^aBBBBBBBiBBiBiiiBBBBBBB 

— - 


This  equation  represents  a  series 
of  lines  which  are  practically 
straight  and  which  are  shown  in 
Fig  6  extending  beyond  the  “Line 
of  optimum  arm  design.”  Figure  5 
can  be  used,  therefore,  as  a  uni¬ 
versal  chart  for  properly  locating 
arms  with  pre-determined  /8,  or  for 
determination  of  /3  in  arms  requir¬ 
ing  a  given  amount  of  overhang 
because  of  tracking  reasons. 

Optimum  Arm  Design 

Keeping  in  mind  the  procedure 
for  obtaining  best  /3,  the  following 
conditions  are  fulfilled  when  a/r  is 
minimum:  (1)  Both  extremities 
of  the  ^-curve  touch  the  upper 
slope-line  (2)  The  lower  slope 
line  m,  is  equal  and  oppositely 
slanted  (mi  =  — m,)  and  just 
touches  the  lower  side  of  the 
•Kurve. 

This  situation  is  shown  in  Fig. 
4(c).  The  relation  between  I,  r,  tt, 
and  j8  corresponding  to  this  in¬ 
stance  will  now  be  derived. 

The  slope  of  the  line  tangent  to 
the  <^urve  and  passing  through  p 
is  given  in  the  Appendix  as 

w  ■=  1/21  —  radians  per  inch  (26) 

From  condition  (1)  above, 

(26, 

Substituting  values  of  and 
from  Eq.  (17)  and  (18)  and  solv¬ 
ing  for  ^  gives 

'  (27) 

^rom  condition  (2),  ^  —  mrj  =  </>i. 
Substituting  the  values  of  j8  from 
Eq.  (27),  m  from  Eq.  (26),  and 
^  from  Eq.  (17)  and  solving  for 


)  10  20  30 

Offset-  Angle  P  in  Degrees 

FIG.  5 — Design  chart  for  ton*  amu  used  with  12-inch  rocords,  in  which  mini¬ 
mum  grooTO  radius  ri  is  1.75  inches  emd  maximum  groore  radius  tt  is  5.75  inches 


Substituting  this  expression  for  D 
in  Eq.  (27)  now  gives 


r.(l+a) 


The  values  of  p  and  D  as  given 
by  Eq.  (28)  and  (29)  provide  the 
minimum  distortion  attainable  in  a 
pivoted  tone  arm,  and  they  should 
always  be  employed  in  tone-arm 
design  unless  this  is  not  feasible 
because  of  other  considerations. 
The  reduction  in  distortion  over 
the  straight-arm  situation  is 
roughly  6:1.  This  renders  track¬ 
ing  error  distortion  completely 
negligible.  ■ 

APPENDIX 

To  derive  the  equation  of  arm 
placement  in  the  region  of  tan- 
gency,  it  is  first  necessary  to  find 
the  slope 'mi  of  the  lower  slope¬ 
line  tangent  to  the  <f>  curve  and. 
passing  through  the  point  p  on  the 
zero-inch  ordinate.  The  slope  of 
the  line  connecting  p  with  any 
point  on  the  ^urve  is 

*  —  B  *  B 

m  - - —  (30) 

r  r  r  '  ' 

Substituting  the  value  of  <f>  from 

Eq.  (6)  gives 


1  ,  D  B 

21^  7*  r 

The  point  of  tangency  occurs 

when  the  slope  is  minimum;  differ¬ 

entiating  Eq.  (31)  gives 

dr  r*  H  ^"*2) 

For  minimum  slope  m„  dm /dr  = 
0,  and 

B  “  2D/r  (33) 

Substituting  Eq.  (33)  in  Eq.  (31), 
mi  -  1/21  -  /3*/4D  (34) 

In  order  to  fulfill  the  procedure  for 
least  a/r,  m,  must  equal  —  m,,  or 

m,  -  ^/4D  -  1/21  (36) 

But  the  upper  slope  m.  equals 

m*  -  (♦*  -  /3)/r»  (36) 

Substituting  from  Eq.  (18)  and 
m,  from  Eq.  (35),  Eq.  (23)  is 
obtained. 

Beyond  the  point  of  optimum 
arm  design,  m*  makes  contact  with 
<l>i  instead  of  <f>i.  Equation  (36) 
becomes 

m*  =  (^i  —  B)/r\  (37) 

Substituting  <f>i  from  (Eq.  (17)  and 
m,fromEq.  (35),  Eq.  (24)  follows. 
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Effects  of  Humidity  on 


Moisture  absorption  decreases  leakage  resistance  and  changes  dielectric  constant  of  a  ter¬ 
minal  strip.  Resulting  adverse  effects  on  circuit  operation  can  be  avoided  by  the  design 
and  layout  techniques  which  are  discussed  and  illustrated 
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Dependable  and  accurate  oper¬ 
ation  of  radio  and  other  elec¬ 
tronic  equipment  under  extreme 
conditions  of  high  temperature 
(+60  deg  C)  and  relative  humidity 
(95  percent)  requires,  among  other 
factors,  careful  consideration  of 
terminal-strip  design.  Most  fail¬ 
ures  experienced  during  tests  con¬ 
ducted  on  a  variety  of  equipment 
under  these  extreme  conditions 
have  been  traced  to  faults  either 
in  the  design  or  dielectric  material 
of  terminal  strips.  If  an  analysis 
is  made  of  the  circuit  and  the  par¬ 
ticular  terminal  strip  in  question, 
it  is  possible  to  develop  a  good  de¬ 
sign  and  so  considerably  reduce 
failures  of  this  type. 


EfFeets  of  Leakage 


Mounting  terminal  strip  on  hali-inch  stand¬ 
off  insulators  prevents  leakage  to  ground 


Leakage  resistance  may  be  de¬ 
creased  by  moisture  absorption  in 
the  material  itself  or  by  a  moisture 
film  on  its  surface.  Capacitance 
changes  are  also  present  since  the 
dielectric  constant  of  the  material 
will  also  change  with  moisture  con¬ 
tent.  This  will  disturb  the  fre¬ 
quency  stability  of  a  tuned  circuit. 
For  example,  the  resulting  equiva¬ 
lent  circuit  of  a  parallel  LC  circuit 
is  shown  in  Fig.  1,  L  and  C  being 
shunted  by  the  capacitance  Ci  in 
series  with  the  leakage  resistance 
Ri.  Thus  the  circuit  Q  and  the  res¬ 
onant  frequency  will  be  subject  to 
change. 

In  the  case  of  a  terminal  strip 
upon  which  are  mounted  resistors 
and  fixed  capacitors,  leakage  may 
exist  not  only  to  ground  but  from 
lug  to  lug.  The  effect  upon  circuit 
operation  in  the  presence  of  leak¬ 
age  in  a  strip  upon  which  these 
components  are  mounted  is  fre¬ 


Although  the  moisture  obsorption  of  this 
material  is  high,  slotting  the  strip  provides 
satisfactorily  low  leakage 


if  the  plate  load  resistance  is  high. 
A  voltage  divider  is  formed  by  the 
plate  load  resistance  Rl  and  the 
leakage  resistance  in  parallel 
with  i?2,  so  that  the  maximum  volt¬ 
age  applied  to  the  plate  depends 
upon  the  relative  values  of  these  re¬ 
sistances.  For  instance,  with  the 
values  shown,  the  plate  voltage  can¬ 
not  exceed  150  volts. 

It  is  also  evident  that  if  leakage 
exists  between  plate  and  grid,  a 
d-c  potential  will  be  applied  to  the 
grid  by  the  voltage-divider  action 
of  the  leakage  resistance  iJ*  and  the 
grid  resistor  R,.  Again,  its  magni¬ 
tude  will  depend  upon  the  relative 
values  of  these  resistances.  A  small 
amount  of  leakage  at  this  point 
can,  of  course,  greatly  disturb  the 
grid  bias  and  cause  improper  oper¬ 
ation.  Similar  action  can  take  place 
between  the  plate  and  screen  grid 
when  the  tube  is  a  pentode. 


Moisture  Increases  Leakage 


quently  serious.  For  example,  the 
time  constant  of  an  RC  network 
can  be  materially  changed. 

A  variation  in  time  constant  can 
upset  the  desired  circuit  operation 
by  affecting  frequency  response  and 
phase  shift.  If  the  circuit  is  to  pass 
a  square  wave,  the  leakage  may 
actually  differentiate  it.  The  re¬ 
verse  condition  may  also  occur  in 
an  integrating  circuit. 

Figure  2(a)  shows  examples  of 
leakage  paths  that  can  exist  in  a 
resistance-coupled  amplifier.  Low 
leakage  resistance  from  plate  to 
ground  will  limit  the  positive  plate- 
voltage  swings  and  cause  distortion 


The  amount  of  moisture  absorp¬ 
tion  by  a  terminal  strip  varies  with 
the  material  used.  Wax  impregna¬ 
tion  of  the  strip  will  reduce  absorp¬ 
tion,  but  it  must  be  remembered 
that  it  is  not  by  any  means  a  cure- 
all.  None  of  the  commonly  used  ini' 
pregnating  agents  afford  100  per* 
cent  protection ;  they  merely  re¬ 
tard  the  process  of  absorption,  and 
once  moisture  is  absorbed  the  io* 
pregnation  tends  to  retain  it. 

When  equipment  is  subjected  to 
high  temperature  and  humidity 
conditions  for  long  periods  of  time, 
say  two  months,  the  amount  of  ab¬ 
sorption  may  be  considerable.  Whil* 
it  is  true  that  when  the  equipment 
is  operated  heat  dissipated  withm 
the  unit  will  tend  to  dry  it,  the  time 
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Terminal-Strip  Design 


FIG.  1 — Leakage  can  change  both  the  Q 
and  fy  of  a  resonant  circuit 

required  for  this  process  can  be  ex¬ 
cessively  long,  sometimes  a  matter 
of  hours.  Selection  of  a  material 
possessing  high  resistance  to  mois¬ 
ture  absorption  is  therefore  of 
prime  importance. 

Surface  leakage  will  also  be  pres¬ 
ent  regardless  of  the  strip  material. 
This  type  of  leakage  results  from  a 
film  of  moisture  on  the  surface  of 
the  strip  and  is  aided  in  formation 
and  maintained  by  the  accumula¬ 
tion  of  dust  particles. 

Layout  Ruducet  Luakage 

Figure  2(b)  shows  means  that 
may  be  used  in  combating  leak¬ 
ages.  Obviously,  if  the  spacing  be¬ 
tween  lugs  is  increased,  less  leak¬ 
age  may  be  expected.  Slotting  of 
the  strip  will  provide  long  paths 
between  lugs  and  at  the  same  time 
enable  the  terminal-strip  size  to  be 
maintained  within  reasonable  pro¬ 
portions.  Leakage  to  grounded  ter¬ 
minal-strip  supports  may  be  elim¬ 
inated  by  using  small  stand-off  in¬ 
sulators  for  mounting.  Another 
method  sometimes  used  to  prevent 
d-c  leakage  from  plate  to  grid  is  the 
insertion  of  a  grounded  lug  be- 
I  tween  these  two  points.  Any  leak¬ 
age  existing  in  that  path  will  then 
be  to  ground  instead  of  to  the 
Pid.  Care  must  be  taken  with  this 
application,  however,  since  leak¬ 
age  from  grid  to  ground  may  be  in¬ 
troduced,  which  may  or  may  not 
interfere  with  correct  circuit  oper¬ 
ation,  depending  upon  the  circuit. 

When  designing  a  terminal 
®trip  it  is  advisable  to  keep  high- 
impedance  points  on  it  removed  as 


FIG.  2 — Leakage  paths  to  ground  supports  and  between  mounting  lugs,  shown 
dotted  at  (a),  can  be  minimized  by  rearranging  and  changing  as  indicated  at  (b) 


far  as  possible  from  low-impedance 
points  as  well  as  grounds.  The  same 
precaution  should  also  be  taken 
with  points  of  high  d-c  potential 
differences.  In  this  way  the  possi¬ 
bility  of  a  voltage  breakdown  due 
to  leakage,  may  be  prevented  or  at 
least  reduced. 

Also,  leads  from  high  impedance 
circuits  should  be  dressed.  The  in¬ 
sulation  on  the  lead  itself  can  pro¬ 
vide  a  leakage  path  between  two 
adjacent  points.  When  leads  are 
cabled  together,  leakage  through 
the  insulation  to  other  leads  can 
occur  if  they  are  not  satisfactorily 
protected  against  humidity.  If  in¬ 


sulation  is  not  protected  against 
moisture,  leads  to  the  affected  cir¬ 
cuit  should  be  run  directly  instead 
of  by  cabling. 

The  effect  of  leakage  in  a  ter¬ 
minal  strip  can  easily  be  observed 
by  simulating  leakage  resistance 
with  fixed  resistors  of  one  or  more 
megohms  and  connecting  them  be¬ 
tween  points  on  the  strip  where 
leakage  is  suspected  or  probable. 

In  any  event,  if  impedances  are 
kept  as  low  as  can  be  tolerated  in 
the  circuit  design,  effects  of  ex¬ 
treme  conditions  of  high  temper¬ 
ature  and  humidity  may  be  dealt 
with  more  easily. 
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Direct-current  leakage  with  the  arrangement  at  (a)  is  prevented  by  rearranging  com¬ 
ponents  to  interpose  a  ground  lead  as  at  (b)  between  high  and  low-voltage  lugs 
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Curve  Tracer 


f- 


FIG.  1 — ^Laboratory  model  oi  frequency- 
reeponee  curve  trocer  hoe  ports  orronged 
os  lobelled.  Linear-log  paper  is  wropped 
around  drum  ond  master  attenuotor  is 
used  to  mointoin  constant  output  os  fre¬ 
quency  run  is  made  with  coupled  paper 
and  oscillator  drive 

variable  element  can  change  the 
frequency  and  yet  not  load  the  tank 
to  produce  amplitude  distortions. 

In  other  words,  an  operating 
point  must  be  found  such  that  a 
high-impedance  pentode  will  not 
materially  load  it  with  a  resistive 
component  while  reflecting  a  vari¬ 
able  capacitance  or  inductance. 
This  particular  oscillator  has  a  log¬ 
arithmic  frequency  dial.  This 
makes  for  a  simple  paper  drive, 
since  the  paper  can  be  standard  lin¬ 
ear-log  paper,  giving  a  db  level 
versus  a  logarithmic  frequency 
scale. 

Variable  Inductance 

There  are  a  number  of  means  of 
obtaining  a  controlled  variable  re¬ 
actance.  The  circuit  selected  was 
the  simplest.  It  was  possible  to 
mount  the  956  tube  and  related 
component  parts  directly  in  the  os¬ 
cillator  housing.  This  eliminated 
miy  stray  field  pickup  and  long 
leads.  The  leads  to  the  tank  must 
l>e  connected  in  an  extremely  rigid 


fashion  or  small  vibrations  will  in¬ 
troduce  spurious  frequency  drifts. 

This  simple  method  of  obtaining 
a  controlled  variable  inductance, 
however,  requires  a  regulated  B 
supply.  If  a  push-pull  arrange¬ 
ment  is  used — namely,  having  in 
parallel  a  variable  inductance  tube 
and  a  variable  capacitance  tube, 
and  if  the  two  reactance-tube  grids 
are  driven  in  push-pull — wider 
swings  can  be  obtained  with  better 
stability  for  line  voltage  fluctua¬ 
tions. 

In  the  arrangement  shown  in  the 


variable  inductance,  the  tank-fre¬ 
quency  signal  delivers  a  quadrature 
leading  current  to  the  0.00003-/nf 
capacitor  and  the  1500-ohm  resist¬ 
or,  since  the  latter  is  an  order  of 
magnitude  smaller  than  the  capaci¬ 
tive  reactance  of  the  former  at  180 
kc  (0.00003-ftf  or  30,000  ohms.) 
However,  the  voltage  across"  the  re¬ 
sistor  is  in  phase  with  the  current 
and  leads  the  voltage  of  the  180-kc 
tank.  This  voltage  causes  the  956 
plate  to  draw  lagging  current  from 
the  tank;  or  in  other  words  the 
tube  is  an  inductance  across  it. 
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Frequency-  Response 


Details  of  a  laboratory  unit  capable  of  directly  drawing  frequency-response  curves  of 
microphones  and  loudspeakers.  Electronic  warbling  is  used  to  give  constant  cycles  or 

constant  percent  bandwidth  as  required  . 


wcousnc  measurement  of  fre- 
iniQueney  response  of  micro¬ 
phones  and  loudspeakers  is  se¬ 
verely  hampered  by:  1.  Standing 
waves  in  the  medium ;  and  2.  Sharp 
resonances  in  the  standard  pres¬ 
sure  source. 

Over  a  long  period  of  years,  the 
first  source  of  error  has  been  at¬ 
tacked  by  making  sound  rooms  with 
walls  having  a  low  percent  of  the 
energy  reflective.  This  results  in 
standing  waves  of  low  intensity  and 
consequently  the  pressure  at  any 
given  point  can.be  predicted.  The 
rooms  are  nevertheless  expensive 
to  build  when  it  is  desired  to  keep 
the  percentage  of  error  low.  If 
standing  waves  exist,  changes  in 
position  from  node  to  antinode  may 
produce  errors  of  10  db. 

The  second  source  of  error  diffi¬ 
cult  to  compensate  for  is  the  sharp 
dip  or  i)eak  in  the  pressure  gen¬ 
erator.  Practically  speaking,  only 
the  smooth  variations  can  be  ac¬ 
counted  for  by  equalizing  circuits. 

A  statistical  method  of  obtaining 
the  most  probable  frequency  re¬ 
sponse  when  standing  waves  or 
sharp  dips  or  peaks  occur,  is  to 
average  the  pressure— frequency 
response  over  small  and  overlap¬ 
ping  bandwidths.  If  the  signal  is 
slightly  warbled  or  frequency 
modulated,  the  process  can  be  per¬ 
formed  with  standard  meters  and 
curve  drawing  equipment.  This  is 
due  to  the  fact  that  warbling  gives 
a  saddle-shaped  energy  distribution 
of  the  frequency.  In  the  past  this 
t3T)e  of  warbling  was  obtained  me¬ 
chanically  by  rotating  ,a  capacitor 
in  parallel  with  the  tank  circuit  of 
the  oscillator. 

With  this  method  it  is  difficult  to 
change  the  percentage  and  the  rate 
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of  warble  and  to  obtain  sinusoidal 
modulations.  Furthermore,  it  is 
very  difficult  to  obtain  constant- 
percent  bandwidth  by  the  mechani¬ 
cal  method.  In  order  to  average  out 
standing-wave  errors,  constant-cy¬ 
cles  bandwidth  is  required.  In  order 
to  cancel  out  dips  and  peaks  in  a 
pressure  generator,  constant-per¬ 
cent  bandwidth  is  required.  This 
flexibility  is  difficult  to  achieve  with 
a  mechanical  method  of  warbling, 
but  has  been  solved  by  electronic 
methods. 

Laboratory  Unit 

The  method  of  obtaining  the  fre¬ 
quency  response  curve  is  shown  in 
Fig.  1.  A  sheet  of  standard  linear- 
log  paper  is  wrapped  around  the 
drum  and  adjusted  so  its  frequency 
is  aligned  with  the  frequency  of 
the  oscillator  dial.  The  gain  of  the 
microphone  amplifier  is  adjusted  so 
the  master  attenuator  which  drives 
the  pen  is  set  at  a  desired  point 
on  the  paper  and  gives  a  convenient 
meter  reading.  When  the  hand 
operated  drum  is  rotated,  the  fre¬ 
quency  is  changed  in  synchronism 
with  the  rotation  of  the  paper. 

Changes  in  level  of  the  device 
under  test  are  compensated  by  ro¬ 
tating  the  master  attenuator  so 
that  the  meter  is  returned  to  the 
original  value.  Thus,  since  the  at¬ 
tenuator  controller  keeps  the  meter 
reading  constant  while  the  paper  is 
driven,  the  pen  records  the  level 
of  the  device  directly  on  the  paper. 
Since  the  controller  is  a  db  attenua¬ 
tor,  and  the  paper  is  linear-log,  the 
frequency  response  is  recorded  in 
db  versus  frequency. 


The  basic  idea  involved  in  elec¬ 
tronic  warbling  is  the  use  of  the 
audio  frequency  of  the  oscillator  it¬ 
self  to  determine  the  extent  of  the 
cycles  of  warble. 

The  method  of  achieving  this  re¬ 
sult  is  shown  in  Fig.  2.  Beat  oscil¬ 
lator  (A)  has  an  incremental  vari¬ 
able  inductance  tube  (B)  across 
the  fixed-frequency  tank.  The  grid 
of  the  variable  inductance  tube  is 
driven  by  both  the  180-kc  fixed-tank 
frequency  and  the  low  frequency  of 
the  warble  rate. 

Amplitude  of  the  low-frequency 
signal  is  determined  by  the  warble- 
extent  controller,  (C).  Two  signals 
are  applied  to  the  grid  of  the  war¬ 
ble-extent  controller.  One  is  a  d-c 
signal  from  the  frequency  discrim¬ 
inator  (D)  and  the  other  is  an  a-c 
signal  from  the  low-frequency  gen¬ 
erator,  (E).  The  frequency  dis¬ 
criminator  is  fed  from  the  audio 
output  at  constant  voltage,  inde¬ 
pendent  of  frequency. 

Thus  all  circuit  blocks  operating 
in  unison  produce  a  warbled  audio 
output  whose  warble  is  a  prescribed 
function  of  the  audio  frequency  as 
determined  by  the  frequency  dis¬ 
criminator  circuit. 

A  detailed  examination  of  each 
block  will  show  the  pitfalls  and 
merits  of  this  system. 

Beat  Oscillator 

The  oscillator  is  a  General  Radio 
— type  713.  A  beat  oscillator  type 
of  audio  signal  generator  allows 
simple  control  of  the  warble,  since 
all  the  operations  are  performed 
on  a  tank  whose  frequency  remains 
constant.  Thus,  the  circuit  ele¬ 
ments  can  be  calculated  for  fixed 
constants.  The  oscillator  employed 
must  be  such  that  the  shunting 
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obtained  from  100  cycles  to  10,000, 
or  100:1.  This  is  just  about  the 
limit  of  control  realizable  for  a 
single  stage  of  variable-mu  tube. 
However,  to  get  logarithmic  con¬ 
trol  a  special  function  of  d-c  bias 
voltage  must  be  obtained  from  the 
frequency  discriminator  since  the 
characteristic  of  the  tube  is  not  log¬ 
arithmic.  The  a-c  low-frequency 
signal  is  kept  constant  throughout 
a  frequency  run. 

Once  a  logarithmic  a-c  output  is 
obtained  and  fed  to  the  volume  con¬ 
trol  in  the^  warble-extent  controller, 
then  settings  of  any  value  of  con¬ 
stant  percent  are  obtained  from 
zero  up  to  10  percent  by  simply  set¬ 
ting  this  potentiometer  at  any  de¬ 
sired  value.  In  the  event  that  con¬ 
stant-cycle  bandwidth  is  required, 
the  discriminating  circuit  is  re¬ 
duced  to  a  set  of  resistors,  and 
fixed  d-c  independent  of  frequency, 
is  fed  to  the  warble-extent  control¬ 
ler  grid. 


Frequency  Discriminator 

The  d-c  voltage  fed  to  the  grid 
of  the  warble-extent  controller 
must  have  a  function  of  frequency 
such  that  a  prescribed  a-c  low-fre¬ 
quency  signal  is  fed  to  the  grid  of 
the  variable  inductance.  Since  the 
variable-mu  tube  varies  in  accord¬ 
ance  with  some  arbitrary  function, 
the  equalizing  circuit  is  so  adjusted 
that  a  d-c  voltage  is  obtained  such 
that  its  product  with  the  tube  char¬ 
acteristic  produces  at  any  specific 
oscillator  audio  frequency,  the  re¬ 
quired  frequency  swing.  In  this 
case  the  audio  voltage  Was  taken 
from  the  6L6s  of  the  beat  oscillator. 
The  audio  voltage  is  essentially 
constant-amplitude  with  frequency 
and  fairly  independent  of  line  volt¬ 
age. 

The  procedure  for  selecting  the 
required  d-c  is:  1.  Place  a  known 
a-c  on  the  grid  of  the  956  and  plot 
warble-extent  versus  a-c  signal. 
This  can  be  done  at  any  audio  fre^ 
quency  with  a  narrow-band  meter 
such  as  the  GR  wave  analyzer.  2. 
Vary  the  d-c  on  the  grid  of  the  6SF7 
until  it  produces  the  required  a-c 
low-frequency  amplitude.  3.  Pro¬ 
duce  the  required  d-c  from  the  fre¬ 
quency  discriminator  which  will 
give  logarithmic  control  versus  fre¬ 
quency.  4.  Filter  the  a-c  signal 
from  the  equalizer  section  as 
shown. 


An  RC  oscillator  is  used  in  the 
low-frequency  generator  unit  be¬ 
cause  low  frequencies  of  3,  6,  and  9 
cycles  are  easily  obtainable  with 
two  tubes  and  simple  components. 
In  addition,  an  RC  oscillator  is  in¬ 
herently  stable  enough  for  the  low 
frequency  requirement. 

Three,  6,  and  9  cycles  are  made 
available  since  amplitude  varia¬ 
tions  occur  in  the  warble  band  un¬ 
der  test  due  to  sharp  dips  or  peaks. 
An  amplitude  variation  might  oc¬ 
cur  at  the  resonant  frequency  of 
an  auxiliary  meter  and  cause  diffi¬ 
cult  reading.  All  that  is  necessary 
in  this  case  is  to  switch  to  a  differ¬ 
ent  low  frequency  and  avoid  the 
meter  resonance. 

Higher  frequencies  of  warble 
cannot  be  used  since  at  the  low  fre¬ 
quency  end  of  the  audio — say  20 
cycles — the  warble  rate  would  in¬ 
troduce  large  frequency  errors. 
Hence  for  low-frequency  audio 
measurement  the  3-cycle  rate  must 
be  used.  At  higher  frequencies  of 
1000  cycles  or  more,  even  higher 
rates  than  9  cycles  could  be  used 
but  there  is  no  advantage  in  this 
direction  as  far  as  accuracy  is  con¬ 
cerned. 

Microphon*  Amplifier 

The  amplifier  used  here  is  a  sta¬ 
bilized  amplifier  which  gives  a  read¬ 
ing  at  10  microvolts  and  reads  full 
scale  on  the  meter  at  100  micro¬ 
volts.  The  master  attenuator, 
coupled  to  the  pen  drive,  is  in  the 
output  stage.  It  controls  the  meter 
reading.  The  recording  paper  is 
wrapped  around  the  drum  and  set 
so  that  its  frequency  is  aligned 
with  the  frequency  of  the  oscillator 
dial.  The  amplifier  gain  is  so  set 


that,  with  the  attenuator  at  some 
arbitrary  db  level,  the  meter  gives 
a  convenient  reading — say  500  mi¬ 
crovolts  in  the  input. 

As  the  drum  driving  the  beat 
oscillator  is  rotated  through  the 
audio  band,  the  meter  is  kept  at 
constant  reading  by  means  of  hand 
adjustment  on  the  master  attenua¬ 
tor  controller.  In  this  particular 
model,  the  attenuator  provides  40- 
db  attenuation  in  i-db  steps  with 
the  shorting  position  providing 
i-db  steps. 

Conclusions 


This  unit  has  been  satisfactory 
for  frequency-response  runs  from 
40  cycles  to  15,000.  A  fully-auto- 
matic  frequency-response  curve 
tracer  for  supersonic  testing  at  fre¬ 
quencies  of  100  cycles  to  150  kilo¬ 
cycles  is  now  in  use.  Either  con¬ 
stant  cycles  or  constant  percent 
band-width  is  obtained,  varying 
smoothly  from  zero  to  3000  cycles 
or  zero  to  10  percent  respectively. 

For  laboratory  use  the  hand- 
driven  unit  is  more  useful  because 
it  is  possible  to  obtain  greater  ac¬ 
curacy.  Hand  operation  also  per¬ 
mits  careful  exploring  around  any 
frequency  point.  In  the  motor-driv¬ 
en  system,  errors  are  encountered 
as  soon  as  rapid  excursions  are  re¬ 
quired  in  curve  drawing.  This  is 
avoided  in  hand  operations  because 
the  operator  stops  rotation  of  the 
frequency  dial  while  he  carefully 
sets  the  attenuator  to  the  correct 
reading.  For  production  runs, 
however,  the  motor-driven  auto¬ 
matic  system  is  preferable — some 
of  the  human  element  in  setting  the 
attenuator  for  constant  meter-read¬ 
ing  being  avoided. 


Frequency  in  Cycles  per  Seconds 


Frequency-response  curve  drawn  by  tracer.  Control  of  hand-operated  model  is  such 
as  to  permit  detailed  exploration  around  criticol  breaks  in  the  curve 
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FIG.  2 — Interaction  of  component  sections  of  curre  tracer  results  in  a  warbled  audio 
output  whose  modulation  is  determined  in  extent  by  the  oudio  frequency  of  the  oscillator 
itself.  Completely  outomotic  motor-driren  rersions  bore  been  built  for  production  use 
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Now,  since  the  966  is  a  variable- 
mu  tube,  the  current  drawn  will  de¬ 
pend  on  the  grid  bias.  If  the  grid 
is  now  swung  at  a  low  frequency 
rate  over  a  wide  grid  bias  voltage, 
the  lagging  current  will  vary  in 
magnitude  or  effectively  become  a 
variable  inductance  proportional  to 
the  low  frequency  swings.  For 
small  changes  in  inductance  the  fre¬ 
quency  swing  is  linear  since 


1^ 

2ir' 


V 


IjLi 


(1) 


L  L, 


where  /«  is  the  fixed  frequency,  L, 
is  the  inductance  reflected  by  the 
pentode,  and  L  and  C  are  the  tank 
elements. 

Now,  if  the  tube  inductance  L,  is 
caused  to  vary  by  a  value  A 


1  rL  +  (L, +  A)-|H 
“  2tCH  \_  L{L.  + A)  J 


(2) 


where  f„  is  the  variable  frequency 
or 


-  1  [L  +  l.  a  -|H 

’  2tCH  \_LL»  +  la  ^  LL,  -h  LA  J 
Since  A  is  small  compared  with  L, 


2tCHL  if*. 


L  -H  L,  ^  A  -|H 

+  LrJ 


(4) 


Expanding  Eq.  (4)  to  the  first  ap¬ 
proximation 
1 


2xCX 

^  2  LL,\  LL,  )  ^  J 

Substituting  back  /« 

A 


/.=/o  +  i 


L  -j-  L, 


So 


(6) 


(6) 


Thus  a  change  in  shunt  induct¬ 
ance  causes  a  linear  change  in  fre¬ 
quency  provided  the  change  is  a 
small  one.  Since  the  change  in 
grid  bias  (over  a  selected  portion) 
produces  a  change  in  Qm  propor¬ 


tional  to  the  bias,  the  frequency 
swing  will  be  linear  with  the  ampli¬ 
tude  of  the  low  frequency  signal. 

Warble-Extent  Controller 

In  this  section  a  variable-mu  tube 
provides  the  automatic  change  in 
level  of  signal  supplied  to  the  vari¬ 
able  inductance.  A  d-c  signal  from 
the  frequency  discriminator  con¬ 
trols  the  level  of  a-c  output. 

In  another  application  where 
even  wider  range  of  control  was 
desired,  two  stages  were  success¬ 
fully  used.  The  same  frequency 
discriminator  produced  a  square  of 
the  change  in  low  frequency  am¬ 
plitude  over  that  of  a  single  stage. 

For  this  laboratory  curve  tracer, 
the  variation  in  low-frequency  sig¬ 
nal  required  was  such  that  log¬ 
arithmic  change  in  amplitude  was 
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FIG.  1 — coBTentfoncd  cothode-roy  tube  electron  gun.  in  which  the  first  anode 
operates  at  a  positiTe  potenticd  and  contains  a  masking  aperture  which  is 

shown  at  AA  x 

Improved  ELECTRON 


Gun  design  involving  zero  current  for  first  anode  simplifies  power-supply  problem  and  gives 
sharper  focus.  The  beam  is  also  less  subject  to  stray  fields  capable  of  causing  variation  in 
spot  brightness.  Several  constructional  advantages  are  inherent  in  the  design 


CATHODE-RAY  oscilloscope  tubes 
that  provide  improved  oper¬ 
ating  characteristics  have  recently 
been  designed.  The  improvement  is 
achieved  by  the  use  of  a  modified 
electron  gun  which  requires-  no 
first-anode  current  and  gives 
sharper  focus. 

Figure  1  is  a  conventional  gun. 
The  oxide-coated  cathode  provides 
a  supply  of  electrons  that  pass 
through  the  control-electrode  aper¬ 
ture.  The  first  anode,  which  oper¬ 
ates  at  positive  potential,  acceler¬ 
ates  the  electrons  toward  the  gun 
axis  and  causes  them  to  cross  over 
at  the  point  indicated.  It  is  this 
cross-over,  rather  than  the  cathode 
surface,  which’  is  imaged  on  the 
fluorescent  screen. 

The  cross-over  size  and  intensity 
depend  on  the  control-electrode  bias 
voltage.  The  electrons  travel 
through  the  first-anode  cylinder  in 
straight  lines  and  at  a  uniform  ve¬ 
locity  until  they  reach  the  end  of 
the  cylinder.  Near  the  end  of  the 
cylinder  the  electron-beam  diam¬ 
eter  is  limited  by  a  masking  aper¬ 
ture  shown  at  AA.  The  central 
section  of  the  beam  passes  into  the 
accelerating  and  focusing  field  be¬ 
tween  the  end  of  the  first  anode  and 
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the  second  anode.  This  field  con¬ 
stitutes  another  electron  lens,  often 
called  the  final  focusing  lens.  Its 
strength,  or  focal  length,  is  varied 
by  varying  the  first-anode  voltage. 

The  beam  is  usually  limited  in 
diameter  again  at  the  second-anode 
aperture,  as  indicated  at  BB.  This 
procedure  insures  that  the  beam  is 
small  and  well  centered  as  it  passes 
the  deflecting  electrodes.  The  de¬ 
flecting  electrodes  are  used  to  apply 
an  electric  field  at  right  angles  to 
the  beam.  This  field  bends  the  beam 
proportionately  to  the  potential  ap¬ 
plied.  The  set  of  deflecting  elec¬ 
trodes  nearer  the  gun  provides  de¬ 
flection  at  right  angles  to  that  of 
the  other  set.  The  beam  converges 
to  a  focus,  or  second  cross-over,  at 
the  fluorescent  screen. 

Desirable  Characteristics 

A  gun  approaching  ideal  per¬ 
formance  for  an  electrostatic-deflec¬ 
tion  type  of  cathode-ray  tube 
should  have  the  following  charac¬ 
teristics  : 

(1)  A  small,  focused  electron  spot 


of  high  brilliance  which  ex¬ 
hibits  only  a  small  increase  in 
size  as  it  is  deflected  across 
the  screen. 

(2)  The  ability  to  operate  at  low 
final-anode  voltage. 

(3)  High  deflection  sensitivity. 

(4)  Short  overall  length. 

(5)  Sensitive  control  of  spot 
brightness. 

A  small  brilliant  spot  can  be 
achieved  by  operating  the  final 
anode  at  as  high  a  voltage  as  pos¬ 
sible,  by  making  the  gun  long  and 
the  gun-to-screen  distance  short, 
by  using  a  high-emission  cathode, 
by  forming  the  first  cross-over  at 
as  high  a  voltage  as  i>ossible,  and 
by  permitting  a  wide  beam  di¬ 
vergence  angle.^  On  the  other 
hand,  to  produce  a  small  change  of 
spot  size  with  deflection,  the  beam 
should  have  a  small  diameter  in 
the  deflecting  field;  that  is,  the 
beam  divergence  angle  should  be 
small,  and  it  should  be  deflected 
through  only  a  small  angle,  thus 
requiring  a  long  gun-to-screen 
distance.* 

Deflection  distortion  occurs  in 
electrostatic  deflection  cathode-ray 
tubes  because  the  electric  field 
which  deflects  the  beam  also  accel¬ 
erates  one  side  of  it  more  than  the 
other.  The  side  nearest  the  posi- 
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FIG.  2 — Current  density  across  beam  H 

before  it  enters  masking  aperture,  for  1  j 

two  different  operating  conditions  B 

FIG.  3 — Gun  design  introduced  in  1937,  in  which  the  gun  shown  in  Fig.  1 
was  modified  by  placing  adjacent  to  the  control  electrode  on  accelerating 
electrode  connected  to  the  second  anode 

GUN  fo 

•  r  C-R  TUBES 

tive  deflecting  electrode  is  deflected 
less  than  the  side  nearest  the  nega¬ 
tive  deflecting  electrode.  The  re¬ 
sult  is  that  the  focused  spot  is 
elongated  in  the  direction  of  de¬ 
flection  in  proportion  to  the  square 
of  the  deflection.  This  spot  distor¬ 
tion  is  inversely  proportional  to  the 
diameter  of  the  beam  in  the  de¬ 
flecting  region. 

Operation  at  low  final-anode 
voltage  is  desired  because  it  re¬ 
sults  in  a  compact,  low-cost,  anode 
power  supply  and  high  deflection 
sensitivity.  However,  as  the  anode 
voltage  is  increased,  the  beam  cur¬ 
rent  rises  as  the  3/2  power  of  the 
voltage,  the  spot  size  decreases  due 
to  less  space-charge  effect,  and  the 
fluorescent  screen  becomes  more 
efficient,  giving  the  overall  result 
that  the  spot  brightness  for  a  given 
spot  size  goes  up  somewhat  faster 
than  the  square  of  the  anode  volt¬ 
age.  Thus,  the  anode  voltage  must 
be  high  enough  to  provide  sufficient 
sharpness  of  focus  and  brilliance 
for  the  maximum  required  spot- 
displacement  velocity.  It  generally 
cannot  be  less  than  500  volts  and 
may  be  as  high  as  15,000  volts. 

'  It  is  to  be  noted  that  space 
charge  increases  spot  size  because 
of  the  mutual  repulsion  of  the 
electrons  in  the  beam. 

High  deflection  sensitivity  re¬ 
quires  long,  closely  spaced  deflect¬ 
ing  electrodes  and  long  gun-to- 
screen  distance.  These  require¬ 
ments  tend  to  produce  a  spot  of 
low  brilliance. 

Short  overall  length  permits  a 


design  for  small  spot  size  but  at 
the  expense  of  deflection  sensitiv¬ 
ity  and  increased  distortion  with 
deflection  angle. 

Sensitive  control  of  spot  bright¬ 
ness,  sometimes  called  small  grid 
drive,  requires  that  as  large  a  por¬ 
tion  of  the  current  from  the  cath¬ 
ode  as  possible  go  to  the  screen.  In 
the  past,  brightness  control  has 
usually  been  a  semi-permanent 
manual  adjustment.  Sharper  focus 
was  secured  at  the  expense  of  small 
grid  drive.  Now  the  brightness  is 
often  modulated  at  high  frequency 
by  an  amplifier  so  that  sensitivity 
is  important. 

Beam  Considerations 

The  maximum  deflection  angle, 
the  length  of  the  deflecting  elec¬ 
trodes,  and  the  amount  of  distor¬ 
tion  with  deflection  that  can  be 
tolerated  determine  the  maximum 
permissible  diameter  of  the  beam 
at  the  end  of  the  gun.  Since  even 
with  this  limitation  the  current  in 
the  beam  should  be  as  high  as  pos¬ 
sible,  it  is  an  important  gun-design 
consideration  to  make  the  current 
high  without  at  the  same  time  pro¬ 
ducing  a  large  focused  spot. 

It  is  possible  to  generate  a  nar¬ 
row  enough  beam  to  pass  through 
the  masking  aperture  without  lim¬ 
iting,  but  usually  a  large  beam  is 
masked  down  to  the  desired  size. 
Generation  of  a  narrow  beam  with¬ 
out  masking  provides  better  utiliza¬ 
tion  of  the  high-voltage  current  and 
sensitive  control  of  the  beam  cur¬ 
rent  but  has  the  disadvantage  of 


providing  lower  maximum  current 
to  the  screen.  The  reason  for  this 
is  that  the  beam  is  more  intense  at 
the  core  than  at  the  edge  and  this 
core  density  rises  rapidly  with 
beam  size. 

The  current  density  across  the 
beam  before  it  enters  the  masking 
aperture  is  shown  graphically  in 
curve  A  of  Fig.  2.  If  the  aperture 
diameter  of  the  control  electrode  is 
reduced  or  the  bias  voltage  of  the 
control  electrode  is  increased,  or 
the  accelerating-electrode  aperture 
is  moved  farther  away,  the  distri¬ 
bution  becomes  similar  to  curve 
B.  The  beam  diameter  is  reduced 
but  the  total  current  is  reduced 
much  more. 

By  placing  a  masking  aperture 
in  the  beam,  usually  in  a  region 
which  is  field-free,  as  shown  at  AA 
(Fig.  1),  only  the  intense  central 
core  of  the  beam  is  passed  through 
the  gun  to  the  deflecting  electrodes. 
The  beam  is  also  usually  masked  in 
the  second-anode  aperture  as  shown 
at  BB.  The  latter  arrangement 
prevents  the  beam  from  striking 
the  deflecting  electrodes  in  case  of 
misalignment.  In  addition,  current 
masked  at  this  electrode  reduces 
the  amount  which  has  to  be 
handled  in  the  first-anode  circuit. 

By  enlarging  the  control-elec¬ 
trode  aperture  diameter,  it  is  pos¬ 
sible  to  increase  the  current  den¬ 
sity  at  the  center  of  the  beam.  This 
enlargement  must  not  be  carried 
very  far  because  it  increases  the 
amount  of  masked  current  and  the 
size  of  the  cross-over.  The  latter. 
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since  it  is  imaged  at  the  screen,  shown  in  which  the  accelerating 

produces  a  larger  focused-spot  electrode  has  been  lengthened  to 

size.  However,  as  the  control-elec-  carry  a  masking  aperture  and  the 

trode  bias  is  increased,  the  control-  first  anode  shortened  to  a  disc 

electrode-aperture  diameter  is  in  which  is  used  only  for  focusing, 

effect  decreased  and,  therefore,  at  This  structure  is  known  as  a  zero- 

lower  currents  a  smaller  spot  size  first-anode-current  gun.  It  offers 

is  obtained.  .design  possibilities  of  better  focus 

By  proper  design  it  is  thus  pos-  and  has  the  important  circuit  ad- 

sible  to  have  a  small  spot  for  fine  vantage  of  requiring  no  current 

detail  as  well  as  a  brighter  large  from  the  focusing  connection  on  the 
spot  for  high-speed  traces.  power-supply  bleeder. 

Since  cathode-ray  oscilloscope 
Modified  Gun  Design  tubes  require  relatively  small  cur- 

Figure  3  shows  a  sectional  view  rents,  it  is  cheaper  and  simpler  to 

of  a  gun  design  introduced  When  supply  the  first-anode  circuit  from 
the  RCA-902  was  announced  in  the  a  bleeder  across  the  second  anode 
autumn  of  1937.  The  gun  structure  supply  than  to  provide  a  separate 
of  Fig.  1  was  modified  by  placing  first-anode  supply.  However,  if  the 
adjacent  to  the  control  electrode  an  first  anode  requires  a  current 

accelerating  electrode  connected  to  greater  than  that  required  by  the 

the  second  anode.  This  arrange-  second  anode,  which  is  now  often 

ment  overcame  the  interaction  be-  the  case,  a  large  percent  of  the 
tween  focus  and  brightness  control,  current  from  the  supply  must  flow 
It  also  permitted  the  electron  through  the  bleeder  to  furnish 
cross-over  to  be  formed  at  a  reasonably  good  voltage  regulation 
higher  voltage  with  the  result,  as  in  the  first-anode  circuit, 
developed  in  Langmuir’s  paper,’  It  so  happens  that  poorer  first- 

that  a  smaller  focused  spot  was  anode  voltage  regulation  than 

obtained  at  the  screen.  second-anode  voltage  regulation 

Because  high  voltage  was  used  can  be  tolerated  because  the  first- 
on  the  accelerating  electrode,  its  anode  voltage  for  optimum  focus 
spacing  to  the  control  electrode  decreases  slightly  with  increased 
could  be  made  greater.  The  in-  values  of  beam  current.  Generally, 
creased  spacing  offered  two  im-  however,  enough  current  can  not  be 
portant  advantages:  first,  a  nar-  used  in  the  bleeder  to  provide  the 
rower  beam  was  generated,  and  sec-  desired  regulation.  Moreover,  the 
ond,  mechanical  alignment  of  the  first-anode  current  varies  too  much 
apertures  was  not  as  critical.  The  from  tube  to  tube  to  make  such 
latter  resulted  because  the  electro-  compensation  entirely  satisfactory, 
static  fields  acted  to  pull  the  beam  The  result  is  that  the  focus  has  to 
through  the  centers  of  the  aper-  be  corrected  even  for  fairly  small 
tures.  Thus,  the  closer  the  spacing  changes  in  current, 
the  farther  the  beam  was  bent  On  the  other  hand,  with  the  zero- 
away  from  the  axis  for  a  given  first-anode-current  gun,  the  focus 
amount  of  misalignment.  ratio  of  first-anode  voltage  to  sec- 

In  Fig.  4  a  gun  construction  is  ond-anode  voltage  is  determined 


only  by  the  bleeder  tap  instead  of 
being  influenced  by  first-anode  cur¬ 
rent,  and  thus  larger  changes  in 
beam  current  can  be  made  without 
refocusing.  In  new  equipment  de¬ 
signs,  it  may  be  possible  to  decrease 
the  bleeder  current  enough  to  use 
less  filter  capacitance  than  now  re¬ 
quired,  but  even  without  any  de¬ 
crease  in  bleeder  current,  there  is 
still  the  advantage  of  less  change  in 
focus  with  beam-current  change. 


Constructional  Advantages 

From  the  viewpoint  of  tube  con¬ 
struction,  this  gun  offers  several 
advantages.  The  longer  accelerat¬ 
ing-electrode  cylinder  is  easier  to 
support  accurately.  The  beam  is 
reduced  to  a  small  size  before  reach¬ 
ing  the  final  focusing  field.  Be¬ 
cause  of  this  feature,  badly  aber¬ 
rated  rays  from  the  edge  of  the 
focusing  field  are  prevented  from 
entering  the  second-anode  aper¬ 
ture  and  thus  causing  stray  cur¬ 
rent  to  the  deflecting  electrodes 
and  the  screen.  The  first  anode  can 
be  made  either  as  a  cylinder  or  an 
apertured  disc.  By  changing,  the 
length  and  diameter  of  the  cylin¬ 
der  or  the  diameter  of  the  aper¬ 
ture,  it  is  possible  to  vary  the  focus 
voltage  over  a  wide  range.  There¬ 
fore,  it  is  easy  to  match  focus- 
voltage  specifications  set  by  previ¬ 
ous  designs.  There  is  also  freedom 
from  reverse  currents  due  to  sec¬ 
ondary  emission  from  low-voltage 
electrodes  since  they  are  not  re¬ 
quired  to  mask  the  beam.  Conse¬ 
quently,  aperture  discs  previously 
used  in  the  first  anode  as  electro¬ 
static  shields  against  secondary 
emission  can  be  removed. 

Other  designs  which  are  practi¬ 
cal  have  been  proposed.* 

An  application  of  a  zero-voltage, 
zero-current  focusing  electrode  to 
an  electrostatic-focus  electron  mi¬ 
croscope  is  also  of  interest.*  In 
this  case,  fine  adjustments  of  focus 
are  made  by  moving  the  image 
surface. 
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FIG.  4 — Gun  design  based  on  zero  first-anode  current,  in  which  the  accelerat¬ 
ing  electrode  has  been  lengthened  to  carry  a  masking  aperture  and  the 
first  anode  shortened  to  a  disc  which  is  used  for  focusing 
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Cathode-Ray  Null  Detector 

For  WIEN  BRIDGE 


An  accuracy  of  better  than  0.1  percent  is  obtain¬ 
able  when  a  cathode-ray  tube  is  used  as  the  phase¬ 
detecting  element  of  a  Wien  bridge  circuit  for 
determining  frequency.  An  elliptical  pattern  on 
the  fluorescent  screen  of  the  tube  gradually  changes 
to  a  straight  diagonal  line  as  balance  is  reached 
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straight  line  is  formed  on  the 
screen.  By  adjusting  the  X  and  Y 
amplifiers  of  the  cathode-ray  tube, 
this  line  is  inclined  to  a  45-degree 
angle  with  the  horizontal.  When 
the  bridge  is  unbalanced,  an  ellipse 
is  formed,  indicating  a  phase  shift. 
At  balance,  the  two  sides  of  the 
ellipse  come  together  and  the  line 
formed  becomes  twice  as  brilliant. 

A  desirable  feature  of  this  ar¬ 
rangement  is  that  the  oscillator  is 
grounded,  which  is  usual  in  prac¬ 
tice.  A  Wagner  ground  or  a  brjdge 
transformer  is  not  necessary. 

When  the  Wien  bridge  was  first 
tried  with  only  the  vertical  axis 
of  the  cathode-ray  tube  as  the  null 
indicator,  the  screen  showed  a 
large  60-cycle  pattern  in  addition 
to  the  harmonics  present.  This  oc¬ 


curred  even  at  balance  of  the 
bridge.  When  the  cathode-ray  tube 
is  used  to  indicate  phase  shift  as 
described,  with  the  bridge  unbal¬ 
anced,  the  ellipse  is  perfectly 
formed  with  no  indication  of  any 
disturbance. 

The  Wien  bridge  was  used  as  a 
frequency  meter  as  follows:  When 
the  ratio  arms  are  made  such  that 
A  is  twice  B  and  the  resistances  R 
are  equal  (identical  slide  wire  re¬ 
sistors  mounted  on  the  same  shaft) , 
and  with  the  two  capacitances  C 
equal,  the  frequency  at  balance  will 
be  /  =  The  variable  re¬ 

sistors  R  can  be  calibrated  directly 
in  terms  of  frequency.  For  detect¬ 
ing  small  changes  in  frequency,  the 
accuracy  obtainable  was  better  than 
0.1  percent. 


Circuit  oi  Wien  bridge  lor  determining 
frequency  and  connections  to  the  ver¬ 
tical  and  horizontal  ampliiiers  oi  the 
oscilloscope 


The  following  method  was  de¬ 
veloped  to  determine  small 
changes  in  frequency.  The  fre¬ 
quencies  under  test  were  of  the  or¬ 
der  of  5000  cycles  per  second  and 
the  changes  were  between  plus  and 
minus  5  cycles.  The  Wien  bridge 
was  used  and  the  usual  null  de¬ 
tectors  were  tried,  but  a  balance 
was  difficult  to  obtain  because  of 
the  large  percentage  of  harmonics. 

The  cathode-ray  tube  was  used 
as  a  phase-detecting  device  by  con¬ 
necting  its  horizontal  axis  to  one 
of  the  detector  terminals  (X),  and 
its  vertical  axis  to  the  other  de¬ 
tector  terminal  (Y).  The  bridge 
was  grounded  as  shown  and  a 
ground  was  placed  on  the  cathode- 
ray  tube.  When  the  bridge  is  bal¬ 
anced,  indicating  a  zero  phase  shift 
between  the  detector  terminals,  a 


Wb*n  the  ellipz*  draws  togethar  to 
form  a  straight  lln*.  the  bridge  Is  bal- 
cnaced  and  there  is  zero  phose  shilt 


Trace  obtained  on  the  screen  of  the 
c-r  tube  when  the  bridge  is  unbalanced. 
Phase  shift  is  indicated  by  ellipse 
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Contours  Of 


Development  of  equations  specifying  the  shape  of  rotor  plates  to  give  constant  change  of 
frequency  with  rotation,  and  constant  rate- of -change  of  frequency  with  rotation.  The 
analytic  technique  is  also  applicable  to  the  design  of  other  types  of  variable  capacitors 


The  change  of  capacitance  with 
angular  rotor  position  of 
variable  capacitors  depends  on  the 
contour  of  the  capacitor  plates. 
Where  the  change  in  capacitance  vs. 
angular  position  is  specified,  the 
shape  of  the  rotor  plate  necessary 
to  produce  this  variation  must  be 
determined.  The  steps  involved  in 
deriving  an  expression  for  the  re¬ 
quired  shape  are  to  be  indicated  by 
solving  three  typical  cases. 

In  each  case  it  is  assumed  that 
the  stator  plates  are  large  com¬ 
pared  to  the  rotor  plates.  Also, 
end  effects  will  be  disregarded 
throughout  these  developments. 
However,  both  of  these  simplifica¬ 
tions  are  justifiable;  the  stator 
plates  are  usually  made  consider¬ 
ably  larger  than  the  rotor  plates, 
and  the  spacing  between  plates  is 
usually  small  compared  to  the  other 
dimensions  of  the  plates. 

Explanatlea  of  Symbols 

e  =  angular  position  of  the  rotor 
in  radians.  It  can  have  values  be¬ 
tween  the  limits  of  zero  and 
radians 

/,  =  resonant  frequency  in  cps 
.  /,  =  upper  limit  of  f„  correspond¬ 
ing  to  an  angular  rotor  position  of 
zero  radians 

/,  zz  lower  limit  of  /„  correspond¬ 
ing  to  an  angular  rotor  position  of 
1C  radians 

Co  =  minimum  capacitance  of 
the  circuit,  including  the  minimum 
capacitance  of  the  variable  capaci¬ 
tor,  in  farads 

C.  =  incremental  capacitance  of 
the  variable  capacitor,  in  farads 
L  =  circuit  inductance  in  henrys 

Stralght-Lia*  Freqaeacy 

r , 

Although  the  formula  for 
straight-line  frequency  capacitors 
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is  given  in  handbooks,  the  deriva¬ 
tion  is  usually  missing.  In  this  ca¬ 
pacitor  the  plates  are  so  shaped  that 
in  an  L-C  circuit  it  will  cause  the 
resonant  frequency  to  change  a  con- 
'stant  amount  for  each  unit  change 
of  the  rotor’s  angular  position.  Ex¬ 
pressed  mathematically,  this  crite¬ 
rion  is 

df./de  -  Ki  (1) 

Solving  this  differential  equation 
yields  an  expression  for  /.  as  a 
function  of  the  rotor’s  angular  po¬ 
sition, 

(2) 

where  Kt  is  a  proportionality  fac¬ 
tor  and  Kt  is  a  constant  of  integra¬ 
tion.  Knowing  that  when  0  =  0 
radians,  f,  =  /«,  and  when  0  =  it 
radians,  f,  =  /,,  the  two  constants 
can  be  evaluated. 

Kx  -  Kt  -  /o 

Kx  is  the  rate  of  frequency  change 
in  cps  per  radian. 

Replacing  the  constants  in  Eq.  (2) 
by  their  values  gives 

/.=  ^^'^^'0+/.  (3) 

Now  from  circuit  theory 

S.  -  1/2xVL(Co-|-C.)  (4) 


TABLE  I.  DESIGN  SPECIFICATIONS 


ft 

in  ke 

hlcc 

Cr 

ImniJ 

Type  li  SlnlflliUliii* 
hcqMiicy.  Ki  -  350  kc/ 

1600 

500 

370 

ladlM 

Type  St  Cemlml  nit  of 
froqmiicy  dunto.  Kt  * 
37.1%  ndlM 

1600 

500 

370 

Typo  3t  CopacKot  la 

K-C  oteWolot.  Kt  ~ 

Mr  • 

-11.0 

400 

37.1%/Mdion 

M  -  20;  rf  -  0.087  In.;  r 

■■  0.85  In.;  0*>  AOnid 

Equation  (4)  is  exact  for  series^ 
resonant  circuits,  and  only  slightly 
in  error  for  parallel  resonant  cir¬ 
cuits  having  Q  values  upwards  of 
ten. 

Solving  Eq.  (4)  for  C„ 

C,  -  [1/4  (ii/.)«Ll  -  C,  (6) 
When  C,  =  0,  /,  =  /o,  and 

L  -  1/4  (6) 

Replacing  L  in  Eq.  (5)  by  the 
value  of  L  given  in  Eq.  (6) 

C,  -  Co  (/o//.)*  -  Co  (7) 

Substituting  in  Eq.  (7)  the  value  of 
/,  given  by  Eq.  (S) 

Consider  the  geometry  of  the  ca¬ 
pacitor  plate  shown  in  Fig.  1.  Here 
p  =  F(0)  describes  the  contour  of 
the  rotor  plate,  where  p  is  the  dis¬ 
tance  from  the  center  of  rotation  to 
the  edge  of  the  plate,  and  r  is  the 
radius  of  the  section  removed  from 
the  stator  plate  to  accommodate  the 
rotor  shaft.  Obviously  this  section 
can  contribute  nothing  to  the  ca¬ 
pacitance.  Let  dd  be  a  differential 
angle;  then  the  difference  in  the 
magnitudes  of  p  and  p'  is  infinitesi¬ 
mal.  Let  ds  be  the  length  of  the 
curve  p  =  F(0)  between  p  and  p'. 
It  follows  that  ds  is  infinitesimal 
and  therefore  is  essentially  the  same 
as  a  straight  line  drawn  between 
the  extremities  of  ds.  The  differen¬ 
tial  area,  dA',  inclosed  by  p,  p'  and 
p  z=  F(0)  is  that  of  a  triangle 
dA'  =  pds/2.  But  ds  =  pd0  and 
dA'  =  p*d0/2. 

Similarly,  the  area  dA"  inclosed 
by  p,  p'  and  p  =  r  is  dA"  =  r*d0/2. 
Then  the  area  effective  in  account¬ 
ing  for  C,  is 

•  dA  ~  dA’ -  dA"  -  de 
Hence 

dA/d$  -  (p*  -  t»)/2  (9) 

From  the  properties  of  capacitors 
in  general  it  can  be  written  that 
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Capacitor  Rotor  Plates 


FIG.  1 — ^Rotor  plot*,  showing  th*  manner  in  which  th*  plot*  is 
broken  into  differential  oreos.  Distance  ds  olong  th*  plat*  edge  is 
subtended  bj  th*  differential  ongl*  dd.  Th*  semi^ircl*  with 
rodius  r  is  cut  from  th*  stotor  plot*  to  occomodot*  th*  rotor 
shoft  Th*  Toriabl*  radius,  p,  of  th*  rotor  plot*  is  to  be  deter¬ 
mined  as  a  functlen  of  0 


Type  3-" 


PIG.  2 — Contours  of 
the  three  types  of 
eopadtors  discussed 
in  the  text 


Type  1 


C,  =  KcA,  where  Kc  is  a  constant 
relating  area  A  in  sq  cm  to  capaci¬ 
tance  in  farads  and  has  the  value 

where 

n  =  total  number  of  rotor  and 
stator  plates 

a  =  dielectric  constant  (unity 
for  air) 

d  =  separation  of  the  rotor  and 
stator  plates  in  cm. 

Differentiating  C,  =  KcA  with 
respect  to  9, 


dC,  _  dA 
d$  “  de 


(10) 

Differentiating  Eq.  (8)  with  re¬ 
spect  to  9 

^  2f^Co(fo-U) 

do  T[fo  -1-  (/,  -  /o)  (O/t)!* 

Equating  the  right  sides  of  Eq. 
(10)  and  (11)  and  solving  for*  p 
pves  the  polar  equation  for  the  con¬ 
tour  of  the  straight-line  frequency 
capacitor  plate 


4/o*Co(/o  -  /,) 


+  »-  (12) 


.l/o  +  (/r  -/o)  (0/x)P 

where  p  and  r  are  measured  in  cen¬ 
timeters,  and  Kc  is  in  farads/cm. 

CoMtant  Rate  of  Frequency  Chang* 

The  plates  of  this  capacitor  are 
<J«8igned  so  as  to  change  the  reso- 
•i>nt  frequency  of  an  L-C  circuit 
amount  (per  unit  change  of 


Solving  Eq.  (17)  for  p  and  using 
metric  units, 


JitkAu) 


taiw 


‘“'•(s) 


+  r»  (18) 


rotor  angular  position)  proportional 
to  the  resonant  frequency.  To  illus¬ 
trate  :  if  the  rotor  position  was  ori¬ 
ginally  10  degrees  and  is  changed 
to  15  degrees,  or  if  the  rotor  posi¬ 
tion  was  160  degrees  and  is  changed 
to  165  degrees,  the  percentage 
change  of  frequency  with  reference 
to  the  respective  original  frequency 
will  be  the  same  in  both  instances. 

The  method  of  development  is  the 
same  as  above  and,  therefore,  some 
details  will  be  omitted.  A  mathe¬ 
matical  statement  for  this  manner 
of  frequency  variation  is 

df,/de  =*  KtU  (13) 

Solving  Eq.  (13)  yields 

log,  U  »  KtO  +  (14) 

The  constants  are  evaluated  by 
the  use  of  the  same  limits  defined  in 
evaluating  K^  and  K^  in  the  previous 
derivation. 

Kt  -  log,  (/,//«)>/';  K,  -  log*/, 
Substituting  these  values  of  Kt 
and  Ki  in  Eq.  (14), 

/,-/o(/,//o)»''  (15) 

The  value  of  f,  as  given  by  Eq. 
(15)  is  now  substituted  in  Eq.  (7) : 

C,  -  Co  (/o//r)**/»  -  Co  (16) 
Differentiating  Eq.  (16)  with  re¬ 
spect  to  9  and  equating  the  result  to 
the  righthand  side  of  Eq.  (10), 


Capacitor  ia  aa  R*C  Ofclllator 

The  capacitor  to  be  designed  in 
this  section  is  to  give  a  constant 
rate  of  frequency  change,  as  was 
the  capacitor  previously  considered, 
but  in  this  case  the  circuit  in  which 
the  capacitor  is  to  operate  is  a  re¬ 
sistance-tuned  sine-wave  oscillator 
of  the  feedback  type  wherein  the 
two  resistive  components  are  equal, 
as  are  the  two  capacitive  com¬ 
ponents.  For  such  an  arrangement, 
the  frequency,  of  oscillation  is  given 
by 

/.  -  1/2  T  « (Co  H-  C.)  (19) 

where  R  is  the  value  of  one  of  the 
resistances,  Co  is  the  total  minimum 
capacitance,  and  C,  is  the  incre¬ 
mental  capacitance  of  one  of  the 
capacitors.  Solving  Eq.  (19)  for  R 
at  /„ 

R  -  l/2x/oCo  (20) 

Replacing  R  in  Eq.  (19)  by  the 
righthand  side  of  Eq.  (20), 

Co/o 


/. 


(21) 


Co  -+•  C, 

Equating  the  righthand  sides  of 
Eq.  (15)  and  (21)  and  solving  for 
C„ 

C. -Co(^y^*Co  (22) 

Differentiating  Eq.  (22)  with  re¬ 
spect  to  9,  equating  the  result  to  the 
righthand  side  of  Eq.  (10)  and  solv¬ 
ing  for  p  yields 


Examples 

The  three  t3i>es  of  capacitor  con¬ 
tours  are  shown  in  Fig.  2.  Design 
values  for  a  specific  application  of 
each  type  are  given  in  Table  I. 
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The  CAA 

Instrument  Landing  System 


Details  of  localizer  transmitter,  sideband  generators,  marker  transmitters,  monitor  units, 
and  receivers  used  in  planes  to  feed  the  cross-pointer  indicator  for  the  blind  landing  system 
now  officially  adopted  for  civil  aviation  in  this  country.  This  concluding  part  also  analyzes 
effects  of  nearby  hills  and  buildings  on  localizer  performance 


is  an  ordinary  crystal-controlled 
type  with  the  usual  frequency  mul¬ 
tipliers,  producing  about  200  watts 
of  carrier  which  can  be  plate  modu¬ 
lated.  Connections  are  made  to  the 
grid  tank  of  the  power  amplifier, 
for  exciting  the  sideband  gener¬ 
ator,  by  means  of  i-inch  coaxial 
line  (air  dielectric).  The  power 
taken  for  this  purpose  is  between 
five  and  ten  watts,  of  which  only  a 
small  portion  is  used  to  drive  side¬ 
band  generator  tubes  (type  8001); 
most  of  it  supplies  losses  in  the 
circuits  necessary  to  build  up  the 
The  localizer  transmitter  proper  grid  voltage  to  the  required  value. 

In  one  particular  arrangement 
used,  the  grid  circuit  of  the  side¬ 
band  generator  is  tuned  to  parallel 
resonance  and  the  line  from  the 
transmitter  is  made  effectively  a 
half-wave  to  reflect  as  high  an  im¬ 
pedance  as  possible  to  the  p.a.  grid 
tank,  thereby  minimizing  the  dis¬ 
turbing  effect  on  this  tank. 

The  design  of  a  satisfactory  side¬ 
band  generator  presents  the  usual 
problem  of  a  class  C  amplifier  for 
the  frequencies  involved,  but  in 
this  case  some  of  the  factors  are 
more  critical.  Thus,  it  is  impera¬ 
tive  that  the  plate  circuit  have  very 
low  losses  and  be  balanced  if  a  sat¬ 
isfactory  value  of  plate  efficiency 
is  expected.  Small  unbalances  cause 
considerable  drop  in  efficiency  due 
to  the  carrier  current  introduced  as 
well  as  due  to  the  drop  in  sideband 
power.  A  low  efficiency  in  turn  re¬ 
sults  in  larger  alternators,  which  is 
undesirable  for  obvious  reasons. 
The  efficiency  of  the  units  now  in 
use  is  of  the  order  of  40  percent 
The  efficiency  of  the  grid  circuit 


weather  conditions  and  thereby 
achieve  greater  popularity. 

In  the  first  part  of  this  article, 
in  the  February  1945  issue  of  Elec¬ 
tronics,  an  overall  picture  of  the 
new  system  was  given,  including 
general  descriptions  of  the  three 
main  elements  at  an  airport — the 
runway  localizer,  the  marker  trans¬ 
mitters  and  the  glide  path  localizer. 
Technical  features  of  the  runway 
localizer  will  now  be  taken  up  in 
detail. 


The  installation  program  for 
the  radio  instrument  landing 
system  adopted  by  the  Civil  Aero¬ 
nautics  Administration  for  use 
throughout  the  United  States  is  al¬ 
ready  under  way,  and  will  attain 
full  volume  after  the  war.  The  re¬ 
sulting  new  equipment  require¬ 
ments  at  airports  and  for  localizer 
and  marker  receivers  in  planes  con¬ 
stitute  an  important  post-war  mar¬ 
ket  for  radio  equipment  and  com¬ 
ponent  manufacturers.  With  stand¬ 
ardized  facilities  throughout  the 
country,  civilian  flying  can  be¬ 
come  increasingly  independent  of 
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is  also  important  from  the  stand¬ 
point  of  minimizing  the  power  ab¬ 
sorbed  from  the  transmitter.  An 
important  consideration  in  the  de¬ 
sign  of  the  sideband  generator  is 
that  of  stability  (and  its  associate, 
resetability)  over  the  range  of  serv¬ 
ice  conditions.  In  practice  the 
equipment  is  adjusted  properly  and 
then  permitted  to  operate  unat¬ 
tended.  Variations  in  temperature, 
humidity  or  line  voltage  which  may 
occur  during  such  operation  should 
not  affect  the  tuning  of  the  unit  ap¬ 
preciably.  If  it  becomes  necessary 
to  readjust  the  tuning  controls  for 
any  reason,  it  should  be  possible  to 
set  them  properly  without  having 
to  readjust  the  antenna  system.  To 
this  end,  the  tuning  elements  have 
been  made  heavy  and  rigidly 
mounted  and  the  controls  provided 
with  very  slow  drives. 


Associated  Units 


A  Phaser  unit  is  included  as  an 
integral  part  of  the  sideband  gen¬ 
erator  to  assist  in  phasing  the  side¬ 
band  antennas,  as  a  whole,  with  re¬ 
spect  to  the  carrier  antennas.  A 
monitor,  consisting  of  a  6H6  rec¬ 
tifier  with  a  d-c  milliammeter,  is 
capacitively  coupled  to  the  r-f  out¬ 
put  of  the  sideband  generator,  and 
is  used  also  to  assist  in  tuning.  A 
block  diagram  of  the  localizer  trans¬ 
mitter  with  its  associated  units  is 
given  in  Fig.  13. 

The  Phaser  used  is  made  up  of  a 
variable  length  of  coaxial  line 
folded  back  on  itself.  The  total 
range  of  variation  of  phase  is  45 
<ieg  for  each  phaser,  or  a  total  of 
90  deg  for  the  sideband  antennas 


Marker  station,  with  antennas  and  counterpoise 


since  they  have  two  of  these  in 
series.  By  using  the  proper  fixed 
lengths  of  transmission  lines,  the 
phasing  adjustments  for  the  side¬ 
band  antennas  (relative  to  the  car¬ 
rier)  are  brought  within  the  range 
of  the  Phaser  units. 

In  the  same  rack  with  the  side¬ 
band  generator  are  mounted  the 
amplitude  and  phase  control  unit, 
che  hybrid  unit  and  the  controls  for 
the  alternators  supplying  90  cps 
and  150  cps.  These  latter  controls 
permit  the  voltages  of  the  two  ma¬ 
chines  to  be  varied  simultaneously 
and  also  permit  the  ratio  of  the  two 
voltages  to  be  varied.  This  latter 
is  convenient  as  it  provides  com¬ 
pensation  for  any  slight  discrimin¬ 
ation,  in  the  system,  between  the 
two  frequencies;  it  also  provides  a 
means  for  correcting  a  slight  mis¬ 
alignment  of  the  course  (say  one- 
half  degree) .  The  alternators  them¬ 
selves  are  driven  by  and  mounted 
on  a  common  shaft  with  a  syn¬ 


chronous  motor  to  stabilize  both 
frequency  and  output  voltage. 

The  only  other  equipment  in  the 
localizer  building  is  the  control 
rack  and  an  engine  generator  (for 
standby  power)  in  an  adjacent 
room.  The  rack  contains  Strowger 
equipment  for  remote  operation  and 
a  monitor  panel  which  provides 
visual  indication  of  the  output  of 
the  course  monitor,  and  contains  a 
jack  for  checking  the  output  of  the 
clearance  monitor.  This  is  mainly 
used  in  the  tuneup  process  as  de¬ 
scribed  later. 

Figure  14  shows  a  typical  layout 
of  a  localizer  without  standby 
equipment.  The  equipment  itself 
is,  however,  all  designed  for  adap¬ 
tation  into  a  main-and-standby  ar¬ 
rangement  with  means  for  remote  . 
(but  not  automatic)  changeover. 

Coaxial  Lines  and  Radiators 

All  transmission  line  (except 
that  used  between  transmitter  and 
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sideband  generator)  is  of  the  i>inch 
coaxial,  air-dielectric  type  filled 
with  nitrogen  at  a  pressure  of  about 
five  pounds.  The  balanced  line  orig¬ 
inally  used. was  practically  impos¬ 
sible  to  keep  balanced  and  resulted 
in  variable  and  haphazard  phase  re¬ 
lationships  that  made  of  the  sys¬ 
tem  an  amorphous  complex  very 
difficult  to  adjust.  Coaxial  line  does 
away  with  all  this  trouble  and  is 
easier  to  handle.  The  transforma¬ 
tion  from  unbalanced  to  balanced* 
line,  to  feed  the  balanced  radiators, 
is  done  very  close  to  the  radiators 
themselves  by  a  quarter-wave  sec¬ 
tion  of  ' balanced  line.  The  coaxial 
line  is  then  matched  by  an  appro¬ 
priate  stub  on  the  generator  side 
of  the  balancing  section. 

The  radiators  themselves  are 
mounted  on  pipe  pedestals  set  in 
concrete  and  are  about  four  feet 
above  the  effective  ground  plane. 
This  is  the  plane  on  which  occur  re¬ 
flections  which  reach  the  aircraft 
making  a  normal  approach,  and  is 
usually  tbe  level  of  the  runway. 
The  actual  height  of  the  antennas 
above  ground  frequently  is  consid¬ 
erably  greater  than  four  feet. 

The  array  is  mounted  in  a  long 
wooden  shelter  (for  protection 
against  the  weather)  either  in¬ 
tegral  with  or  separate  from  the 
main  building.  Eight  loops  cover¬ 
ing  a  span  of  1600  electrical  de¬ 
grees  are  used  in  most  installa¬ 
tions,  though  ten  loops  are  used 
where  it  is  necessary  to  increase 
directivity  (to  clear  obstructions). 
In  either  case,  however,  the  height 
of  the  structure  is  such  as  to  clear 
a  40:1  angle  with  respect  to  the 
nearest  end  of  the  runway  as  a 
safety  precaution  for  aircraft  mak¬ 
ing  low-angle  landings  or  take-offs. 

Marker  Transmitters 

The  marker  transmitters  (which 
are  all  alike  except  in  the  modula¬ 
tion  frequency)  are  straightfor¬ 
ward  crystal-controlled  affairs  with 
an  output  of  some  4  to  6  watts  at 
75  Me.  They  were  designed  as 
standard  units  to  be  used  either  in¬ 
dependently  (as  in  this  case)  or  as 
driver  -  units  for  multipliers  or 
,  power  amplifiers.  Three  of  these 
markers  are  usually .  employed  at 
distances  of  approximately  200  ft 
(inner  marker),  4800  ft  (middle 
marker)  and  4.6  miles  (outer 
marker),  all  from  the  approach 


end  of  the  runway.  These  are  mod¬ 
ulated  respectively  at  3,000  cps 
(unkeyed),  1,300  cps  (keyed  at  six 
dots  per  second)  and  400  cps 
(keyed  at  two  dashes  per  second). 
The  aircraft  generally  starts  the 
approach  glide  over  the  outer 
marker  at  an  altitude  of  approxi¬ 
mately  1,000  ft  and  a  glide  angle  of 
roughly  two  degrees.  This  brings 
it  over  the  inner  marker  at  about 
fifty  feet. 

The  marker  antenna  is  simply  a 
linear  horizontal  radiator,  one 
wavelength  long,  fed  at  the  center 


Instrument  console  used  in  control  tower 
for  operation  ond  supervision  of. localizer 


and  supported  above  a  counter¬ 
poise  at  a  height  of  47  deg  for  the 
boundary  marker  and  90  deg  for 
the  middle  and  outer  markers.  The 
radiator  is  aligned  with  the  axis  of 
the  runway  and  its  radiation  pat¬ 
tern  is  relatively  narrow  in  a  direc¬ 
tion  parallel  to  this  axis  and  con¬ 
siderably  broader  in  a  direction  at 
right  angles  to  the  runway;  it  fur¬ 
ther  has  an  appreciable  gain  in  the 
vertical  direction.  The  exact  pat¬ 
tern  shape  is  unimportant  and  in 
general,  not  more  than  one  or  two 
watts  are  used  to  drive  the  antenna. 

Monitor  and  Control  Units 

Of  some  interest  is  the  monitor 
and  control  equipment  used  with 
the  system.  It  has  two  basic  pur¬ 
poses:  to  permit  the  various  facil¬ 
ities  to  be  turned  on  or  off  from  the 
control  room,  and  to  provide  visual. 


aural  and  graphic  indication  of  the 
performance  of  the  system.  To  ac¬ 
complish  this,  a  set  of  control  lines 
connects  each  part  of  the  system 
with  the  control  room.  Signals 
(from  field  monitors  at  the  local¬ 
izer  and  from  the  equipment  itself 
at  the  markers)  are  brought  in 
over  these  lines  and  amplified,  fil¬ 
tered  and  rectified  so  they  can  op¬ 
erate  the  various  instruments.  In 
many  cases,  it  is  undesirable  to 
place  this  rack  in  the  control  tower 
and  a  separate  instrument  console 
is  used  in  the  latter  position.  This 
console  carries  only  indicating  in¬ 
struments  and  start-stop  switches. 

To  minimize  the  size  and  cost  of 
the  equipment,  a  single  recorder 
and  a  single  alarm  circuit  are  used 
to  monitor  all  parts  of  the  system. 
This  is  accomplished  by  a  commu¬ 
tator  device  which  scans  the  vari¬ 
ous  functions  at  the  rate  of  one 
minute  per  function  for  the  re¬ 
corder  and  10  seconds  per  function 
for  the  alarm. 

The  operator  thus  has  continu¬ 
ous  indication  of  levels  and  clear¬ 
ance  and  at  the  same  time,  a  loud 
gong  will  warn  him  of  faulty  oper¬ 
ation  even  if  he  does  not  happen  to 
notice  his  instruments.  The  graph¬ 
ical  record  is  of  value  in  controll¬ 
ing  the  operation  and  maintenance 
of  the  system. 

The  localizer  portion  really  moni¬ 
tors  clearance  off  course,  as  already 
stated,  and  only  indirectly  moni¬ 
tors  course  alignment  and  signal 
level.  Clearance  is  measured  by  fil¬ 
tering  and  separately  rectifying  the 
90-cps  and  150-cps  components  and 
then  applying  them  through  a  dif¬ 
ferential  circuit  to  a  microammeter 
(see  Fig.  15).  The  sum  (instead 
of  the  difference)  of  these  compon¬ 
ents  is  applied  to  another  microam¬ 
meter  for  indicating  level.  An  es¬ 
sentially  similar  circuit  is  used  in 
the  aircraft  receiver,  except  that 
the  level  indicator  is  omitted. 

The  two  audio  filters  present  a 
problem  of  design  due  to  the  wide 
range  of  temperature  over  which 
they  are  expected  to  operate.  With¬ 
out  special  precautions,  their  in¬ 
sertion  loss  varies  with  tempera¬ 
ture  (due  mostly  to  capacitor  vari¬ 
ation)  and  not  at  the  same  rate  for 
the  two  filters.  Both  clearance  and 
level  indications  would  thus  be  ser¬ 
iously  affected.  Special  capacitors 
and  special  inductor  construction 
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are  used  to  minimize  these  varia¬ 
tions.  To  the  same  end,  all  recti¬ 
fiers  (of  the  copper-oxide  or  se- 
■leniuni  type)  are  kept  in  an  auto¬ 
matic  oven  at  practically  constant 
temperature. 

Receivers  Used  in  Pianes 

The  localizer  aircraft  receiving 
equipment  consists  chiefly  of  a 
straightforward  superheterodyne 
receiver  covering  the  necessary  fre-. 
quency  band.  The  output  of  the 
receiver  may  either  be  used  aurally 
or  visually.  For  the  latter  case,  the 
output  is  separated  into  its  90-cps 
and  150-cps  components  by  band¬ 
pass  filters,  rectified  and  the  dif¬ 
ference  between  the  two  rectified 
voltages  applied  to  the  visual  indi¬ 
cator  (see  Fig.  16). 

The  receiver  used  in  the  plane 
has  provision  for  manual  tuning  as 
well  as  push-button  tuning.  A  meter 
is  used  to  measure  the  avc  cathode 
current  to  indicate  to  the  pilot 
whether  or  not  an  adequate  r-f  sig¬ 
nal  is  being  received.  Without  this, 
it  would  be  diflicult  to  tell  whether 
zero  indication  of  the  visual  indi¬ 
cator  was  due  to  an  equi-signal  zone 
or  merely  no  signal.  Furthermore, 
if  the  receiver  is  not  sufficiently 
controlled  by  avc,  it  will  respond  to 
variations  in  r-f  field  strength  and 


the  resulting  variable  a-f  signal 
will  cause  the  operation  of  the 
visual  indicator  to  be  erratic.  As 
noted  previously,  the  apparent 
clearance  is  a  function  of  the  ab¬ 
solute  values  of  the  two  voltages 
as  well  as  their  difference. 

The  antenna  is  a  horizontal  V 
of  which  each  leg  is  approximately 
X/4  long  and  the  included  angle  is 
about  80  deg.  It  feeds  a  balanced 
lii](e  connected  to  points  several 
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FIG.  15 — Differential  circuit  used  in  monitor 
e  for  localizer 


inches  from  the  apex  (selected  to 
obtain  a  reasonable  impedance 
match). 

The  marker  receiver  is  also  a 
superheterodyne  receiver,  but  with 
a  crystal-controlled  oscillator.  Fig¬ 
ure  17  shows  the  manner  in  which 
the  audio  output  of  this  receiver 
is  utilized  to  operate  one  of  three 
small  lamps  (on  the  instrument 
board)  depending  on  which  of  the 
three  markers  is  being  received. 
These  lamps  are  actually  operated 
from  the  a-c  power  supply,  and  the 
receiver  output  serves  merely  to 
control  the  current  through  ■  the 
lamps.  Within  narrow  limits,  the 
brilliance  of  the  lamps  varies  with 
the  intensity  of  the  received  signal. 

Effect  of  Mountainous  Terrain 

Of  considerable  importance  in  the 
operation  of  the  localizer  is  the  to¬ 


pography  of  the  surrounding  ter¬ 
rain  as  well  as  the  presence  of  large 
objects  (such  as  trees,  hills,  build¬ 
ings)  in  the  vicinity  of  the  antenna 
array.  These  factors  can  introduce 
signal  reflections  that  interfere 
seriously  with  the  production  of  a 
desired  pattern.  The  effects  of 
these  factors  may  be  to  distort  or 
otherwise  affect  the  course,  or  to 
affect  the  clearance  at  various 
values  of  azimuth,  or  both. 

The  effect  of  topography  may  be 
seen  by  reference  to  Fig.  18,  which 
shows  the  ground  profile  along  some 
particular  value  of  azimuth.  With 
such  ground  there  is  more  than  one 
point  (Q,  Q',  etc.)  from  which  the 
reflected  ray  reaches  the  point  P. 
Consider  first,  the  reflection  at  Q. 
This  can  be  replaced  by  the  image 
antenna  b  below  the  plane  AB  of 
the  reflecting  surface.  The  field  at 
P  is  then,  for  small  values  of  </>, 
approximately  equal  to 

(2irA:/X)  {hUfy^). 

If  an  additional  reflecting  point 
Q'  exists,  it  will  introduce  another 
image  at  a  different  position  in 
space,  and  the  radiation  from  this 
image  is  to  be  added  (with  proper 
consideration  of  phase)  to  the 
above.  The  only  effect  of  these  re¬ 
flections,  however,  is  on  the  abso¬ 
lute  amplitude  of  the  field.  The 
various  components  of  the  field 
(carrier,  90-cps  sidebands  and  150- 
cps  sidebands)  are  all  equally  af¬ 
fected  and  their  relationships  are 
not  disturbed.  There  will  therefore 
be  no  changes  in  clearance  (or 
course  bends)  due  to  the  vertical 
profile  of  the  ground.  The  changes 
in  field  strength  can,  however,  be 
quite  large  in  certain  extreme 
cases,  resulting  in  surges  and  fades 
which  may  take  the  receiver  com¬ 
pletely  out  of  avc.  This  is  found  in 
certain  vhf  ranges  located  in  moun¬ 
tainous  territory,  but  not  usually 
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FIG.  14 — Typical  layout  ol  equipment  in  localizer  transmitter  building 
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FIG.  16 — Simplified  diagram  of  aircraft  receiver  used  in  planes  to  feed  one  section 
of  the  cross-pointer  instrxunent  thot  guides  the  pilot  down  along  the  glide  poth 


in  instrument  landing  facilities 
where  the  usable  zone  is  not  too 
rough  in  contour.  It  is,  of  course, 
necessary  to  avoid  protubrances  or 
large  vertical  objects  which  might 
interfere  with  line  of  sight. 

Effect  of  Reflecting  Structures 

Reflections  which  are  not  wholly 
in  a  vertical  plane  are  far  more  im¬ 
portant  since  the  horizontal  radia¬ 
tion  patterns  are  involved.  A  re¬ 
flecting  surface  will  receive  two 
signals  of  different  magnitude  for 
the  two  modulation  frequencies.  It 
will  reflect  these  unequal  signals 
to  some  point  where  they  will  be 
superimposed  on  the  signals  nor¬ 
mally  present  at  this  point,  and 
thereby  disturb  the  ratio  between 
the  two  modulation  frequencies.  In 
other  words,  the  reflector  affects 


the  clearance  at  points  receiving 
the  reflected  signals.  In  particular, 
if  one  of  these  points  is  on  course, 
where  clearance  is  normally  zero, 
the*  reflector  will  introduce  a  course 
bend. 

In  Appendix  II  is  given  the  anal¬ 
ysis  of  the  effect  of  a  reflector  par¬ 
allel  to  the  course  and  located  0  deg. 
off  course.  The  use  of  this  partic¬ 
ular  orientation  for  the  reflector 
does  not  cause  any  loss  in  general¬ 
ity  since  the  form  of  the  resulting 
equation  is  not  affected  (the  mag¬ 
nitudes  of  the  results,  however, 
are).  Consider,  for  example,  a  re¬ 
flecting  surface  4,000  feet  away 
from  the  antenna  at  0  =  10  deg. 
In  this  case  =  180  deg,  G,  =  2.05, 
Ga  =  0.475  (see  Fig.  4,  Part  I), 
hence  at  a  point  8,000  ft  away  from 
the  antenna  along  the  normal  di¬ 


rection  of  the  course,  the  ratio  of 
90-cps  field  to  150-cps  field  is,  by 
using  Eq.  (4)  of  Appendix  II, 
Cm/Ciso  =  2,06  instead  of  unity  as  it 
should  be.  From  Fig.  4,  it  is  evi¬ 
dent  that  an  aircraft  at  this  point 
would  have  to  move  about  2.5  deg 
away  from  the  normal  course,  and 
on  the  150-cps  side,  to  find  an  actual 
course  again.  The  magnitude  and 
position  of  this  course  shift  are 
obviously  not  tolerable.  A  hangar 
or  building  so  situated  with  respect 
to  a  localizer  would  thus  constitute 
a  serious  interference  to  its  proper 
functioning. 

As  pointed  out  in  Appendix  II, 
the  height  of  the  reflecting,  struc¬ 
ture  determines  the  height  of  the 
point  affected.  Such  structures 
should  therefore  be  kept  as  low  and 
as  far  from  the  antenna  as  possible. 
Consider,  for  example,  a  typical 
airport  as  indicated  on  Fig.  19.  A 
fifty-foot  structure  1,250  feet  away 
from  the  localizer  antenna  will  af¬ 
fect  the  entire  approach  path.  By 
moving  it  away  from  the  antenna, 
a  smaller  portion  of  the  approach 
path  is  affected  until  at  4,000  feet 
it  affects  the  path  up  to  a  point 
slightly  beyond  the  inner  marker. 
This  maximum  altitude  at  which  a 
structure  causes  interference  is  the 
same  all  around  a  station. 

Actually,  the  probable  effect  of 
the  reflector  would  not  be  as  seri¬ 
ous  as  indicated  above  since  the 
coefficient  of  reflection  is  not  al¬ 
ways  unity.  In  practice,  it  would  be 
usually  smaller — and  possibly  much 


FIG.  17 — Receiver  arrangement  used  in  planes  to  pick  up  the  three  marker  signals 
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gmaller — due  chiefly  to  the  geo¬ 
metric  and  electrical  characteris¬ 
tics  of  the  surface,  and  the  angle 
of  incidence.  A  rigorous  analysis  of 
any  specific  structure  is  obviously 
impracticable,  but  the  above  cal¬ 
culations  give  an  approximation 
which  permits  quantitative  esti¬ 
mate  of  the  effects  of  reflecting 
structures  and  terrain  with  useful 
accuracy. 

APPENDIX  II 

A  radiator  over  a  reflecting  sur¬ 
face,  such  as  the  earth,  acts  mathe¬ 
matically  as  though  it  were 


dent  signal  because  of  distance,  the 
detailed  electrical  characteristics 
of  the  reflecting  surface,  etc.  The 
former  of  these  can  easily  be  ac¬ 
counted  for  by  an  appropriate 
modification  of  the  factor  G.  The 
other  factors  introduce  complex¬ 
ities  beyond  the  purpose  of  this 
paper.  ^ 

APPENDIX  III 

The  operation  of  the  radiating 
system  as  described  above  (and  in 
Appendix  I)  is  predicated  upon 
zero  mutual  inductance  between  the 
various  radiating  elements.  Thia 
is  obviously  an  impossible  condi¬ 
tion.  At  the  center  of  the  array,, 
especially,  where  the  loops  are  close 
together  and  the  current  ampli¬ 
tudes  are  highest,  there  is  a  consid¬ 
erable  amount  of  parasitic  action. 
This  is  of  two  types:  induced  volt¬ 
ages  in  one  or  more  sideband  pairs 
due  to  currents  in  the  carrier  pair, 
and  induced  voltages  in  sideband 
pairs  due  to  currents  in  a  sideband 
pair.  Parasitic  currents  in  the  car¬ 
rier  pair  due  to  currents  in  any 
sideband  pair  are  similar  to  the  sec¬ 
ond  df  these  two  types  and  mini¬ 
mized  in  the  same  manner  described 
below. 

The  parasitics  in  the  sideband 
pairs  must  be  reduced  to  a  mini¬ 
mum  in  order  to  obtain  the  desired 
space  patterns.  This  is  accom¬ 
plished  by  choosing  the  proper 
length  of  transmission  line  to  con¬ 
nect  the  two  loops  of  a  pair.  The 
operation  of  this  adjustment  may 
be  understood  from  the  following 
considerations. 

Figure  21  represents,  in  simpli¬ 
fied  schematic  form,  the  equivalent 
circuit  of  the  combination  of  car- 


asso¬ 
ciated  with  an  image  on  the  other 
side  of  the  surface.  If  it  also  has  a 
reflecting  surface  on  its  side,  it 
acts  as  though  it  were  associated 
with  three  images.  To  avoid  need¬ 
less  complexity,  in  the  application 
to  the  localizer,  it  is  assumed  that 
the  reflecting  surface  is  a  vertical 
plane  parallel  to  the  course.  There 
is  no  loss  of  generality  in  this  as¬ 
sumption  since  the  orientation  af¬ 
fects  the  magnitude  of  the  inter¬ 
ference  phenomenon,  through  the 
geometry  of  the  system,  but  not 
the  form  of  the  mathematical  ex¬ 
pressions. 

Referring  to  Fig.  20  and  as¬ 
suming  that  G  is  the  horizontal  pat¬ 
tern  of  the  array  as  shown  in  Fig. 
4  and  is  taken  as  unity  at  0  =  0, 
the  fields  at  the  point  P  due  to  the 
system  are 


Cross-pointer  instrument  used  with  new 
CAA  instrument  ianding  system 


If  01  =  (2irh/  X)  sin  ♦  and  ft  =  (4ir//  X)  sin  d, 
the  sum  ia  e  =  B  cos  (w^'  —  4')  where 

=  4  sin*  ft  (1  —  G  cos  ft  -|-  CP) 

\j/  =  tan“‘  [(1  —  G  cos  ft)/G  sin  ft] 

e  =  2  sin  ft  (1  —  G  cos  ft  +  G*)  cos 


For  a  given  reflecting  surface, 
the  value  of  G  will  be  different  for 
90-cps  and  150-cps  modulation.  If 
subscript  1  is  used  for  the  first  and 
2  for  the  second  of  these,  then 

s,  (1  —  Gi  cos  ft  +  Gp) 
(e*o/ei6o)*  —  ^4) 

(1  —  G-iCOs  ft  +  Gt) 

It  should  be  noted  that  the  height 
of  the  reflection  point  H,  is  such 
that  H,/gO  =  tan  </>.  Reflections  at 
higher  points  will  affect  higher 
points  P,  and  vice  versa. 

The  above  analysis  is  obviously 
elementary  and  is  intended  solely 
to  provide  a  basis  for  estimating 
the  probable  effects  of  certain  ob¬ 
structions.  For  more  accurate 
work,  it  would  be  necessary  to  con¬ 
sider  the  attenuation  of  the  inci- 


Poinf  of 
contact 


Actual  ground 


Runway 


FIG.  18 — Effect  of  ground  profile  on  lignal  produced  at  P 
by  localizer  transmitter  at  point  a  near  an  airport 
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FIG.  19 — Effect  of  structures  of  Tarious  heights  (dotted  profiles) 
on  localizer  signal 
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duced  voltages  are  equal,  the  above 
expression  can  be  written 

ip*  =  k  {2  —  2  cos  cos  {ut  —  «) 

It  is  evident  that  if  ^  is  nn  (n 
even),  the  magnitude  of  i/  is  zero, 
whereas  for  n  odd,  the  magnitude 
of  ip'  is  a  maximum,  or  2k.  Had 
the  two  loops  been  connected  so 
they  could  be  driven  in  phase  the 
parasitic  action  would  have  been 
minimized  by  making  ^  an .  odd 
number  of  half-wavelengths,  and 
maximized  by  making  ^  equal  to 
an  even  number  of  half-wave¬ 
lengths. 

Figure  22  shows  the  magnitude 
of  i,  (in  percent  of  its  maximum 
value  2k)  for  various  values  of 
A  departure  from  the  optimum 
value  of  ^  by  five  or  six  degrees 
(slightly  over  an  inch  for  i-inch 
coaxial  line,  air  dielectric,  at  110 
Me)  results  in  a  parasitic  current 
equal  to  four  or  five  percent  of 
maximum,  and  this  can  readily  be 
observed.  The  length  of  tie  line  can 
therefore  be  adjusted  quite  accur¬ 
ately  (to  within  several  degrees). 

The  adjustment  of  the  length  of 
the  line  can,  of  course,  be  made  by 
observing  the  parasitic  currents  as 
the  length  is  varied.  In  practice, 
this  is  tedious  and  a  much  simpler 
procedure  is  used.  This  is  based  on 
the  fact  that  the  induced  voltage  in 
each  loop  causes  a  voltage  wave  to 
travel  along  the  tie-line  toward  the 
other  loop.  In  the  case  of  parasitics 
in  sideband  loops  due  to  current  in 
the  carrier  loops  there  are  thus  two 
voltage  waves  traveling  in  opposite 
directions.  At  the  center  of  the  line 
these  voltages  will  be  equal  and 
opposite  so  that  the  effective  volt¬ 
age  across  the  line  is  zero.  This  is, 
in  effect,  a  short-circuit  and  an 
actual  short-circuit  can  be  placed 
at  that  point  without  changing  any¬ 
thing.  The  procedure  then  is  to 
connect  slightly  more  than  half  the 
anticipated  tie-line  to  one  of  the 
loops,  with  a  short  circuit  at  the 
free  end.  This  simulates  the  pres¬ 
ence  of  the  other  half  of  the  sys¬ 
tem,  and  the  position  of  the  short 
is  adjusted  until  the  parasitic  cur¬ 
rent  in  the  loop  is  a  minimum.  (A 
tuned  thermocouple  meter  is  used 
to  read  this  current.)  The  final  po¬ 
sition  of  the  short  represents  the 
exact  center  of  the  system ;  the  feed 
where  V'  is  the  phase  shift  intro-  line  is  connected  at  this  point,  and 

duced  by  the  tie  line.  If  the  in-  the  line  to  the  other  loop  is  made 


an  exact  duplicate  of  that  used  for 
the  measurement. 

In  the  case  of  parasitics  in  one 
pair  of  sideband  loops  due  to  cur¬ 
rent  in  another  pair,  the  voltages 
at  the  center  of  the  line  (due  to 
parasitics)  are  in  phase  and  hence 
the  above  procedure  is  not  appli¬ 
cable.  The  more  direct  procedure 
is  in  this  case  also  the  simplest, 
and  the  two  loops  are  set  up  and 
the  length  of  the  tie-line  adjusted 
for  minimum  induced  currents. 
The  feed  line  is  then  connected  to 
the  exact  center  of  the  tie-line. 

It  is  obviously  impossible  to  min¬ 
imize  both  types  of  parasitic  cur¬ 
rents  by  the  adjustment  of  a  single 
parameter  since  the  requirements 
are  conflicting.  The  second  type 
-described  has  been  neglected  in  the 
tuning  procedure  so  far  used,  with 
no  serious  ill  effects.  Further  work 
may  reveal  the  desirability  of  elim¬ 
inating  this  form  of  coupling,  of 
which  the  chief  objection  is  its  in¬ 
fluence  on  the  effective  phase  of 
radiation  from  the  loops  affected. 

The  placement  of  the  feed  point 
at  the  exact  center  of  each  sideband 
pair  is  quite  important  since  it  af¬ 
fects  the  angles  at  which  radiation 
nulls  occur  (as  well  as  parasitic 
currents).  If  the  distances  from 
the  feed  point  to  the  two  loops  dif¬ 
fer  from  each  other  by  u  electrical 
degrees,  the  pattern  is  given  by 
p  =  fc  sin  (u  -H  8  sin  0),  so  that 
nulls  occur  for  values  of  6  satisfy¬ 
ing  the  relation  u  -f  S  sin  0  =  nit, 
where  w  =  0,  1,  2,  etc.  If  o  =  0  and 
n  =  0,  then  0  =  0  for  all  the  side¬ 
band  pairs,  so  that  on  course 
(0  =  0)  no  contribution  is  made 
by  the  sideband  loops.  This  is  as  it 
should  be.  If  u  =5^  0,  the  null  will 
occur  at  some  value  of  0  other  than 
zero.  If  all  the  sideband  pairs  had 
nulls  at  this  same  value  of  0,  the 
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FIG.  20 — ^Effect  of  reflecting  surface  on 
localizer  rignal 


FIG.  21 — Equiralent  circuit  for  carrier  loops 
and  one  sideband  pair 


FIG.  22 — Variation  of  parasitic  cunenl  to 
a  loop  with  the  length  of  the  tie-Unt 
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Crystal-controlled  localizer  transmitter 


Sideband  generator 


Rear  of  sideband  generator 


course  would  also  be  at  this  angle. 
It  is  more  likely  that  the  nulls  will 
occur  at  different  angles.  In  either 
case,  at  6>  =  0  there  will  be  unequal 
amounts  of  the  two  modulation 
frequencies  due  to  the  unsymmet- 
rical  contribution  from  the  side¬ 
band  loops.  To  establish  a  course 
at  this  position,  therefore,  it  will 
be  necessary  to  unbalance  the  out¬ 
puts  of  the  90-cps  and  150-cps 
sources  by  a  corresponding  amount. 
Under  these  circumstances,  the 
course  may  be  ill-defined  and  broad. 
Furthermore,  it  will  be  less  stable 
than  normal  since  now  its  align¬ 
ment  is  determined  by  more  factors 
than  in  the  normal  arrangement 
where  the  sideband  loops  contribute 
nothing  to  the  on-course  signal. 
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NOl'E :  On  page  121  of  Part  I  of  this 
article  in  the  Feb.  1945  issue,  in  tlie  right- 
hand  column  Just  under  Fig.  9,  is  a  state¬ 
ment  concerning  percent  moilulation  at  vari¬ 
ous  azimuth  values.  The  author  points  out 
that  actually  the  moilulation  jiercentage  is 
always  at  least  100  [lercent,  although  for 
most  values  of  azimuth  it  is  not  greatly  in 
excess  of  this  value. 
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ZERO  PHASE  SHIFT 
AMPLIFIER  DESIGN 


Equations  and  circuits  for  design  of  wide- band  amplifiers  having  extended  frequency 
ranges  of  flat  phase  and  amplitude  response.  Negative  feedback  between  successive 
stages  is  shown  to  be  simpler  and  as  effective  as  conventional  shunt  inductive  and  capaci¬ 
tive  compensation 

By  LEONARD  R.  MAILING 

Seattle,  Washington 

fused  with  video-frequency  ampli-  over  the  frequency  band.  Such  a 
fiers  having  linear  phase-shift  char-  characteristic  with  certain  reserva- 
acteristics  with  frequency.  These  tions  has  proven  to  be  satisfactory 
latter  amplifiers  do  not  preserve  for  television  picture  reproduction, 
the  phase  relationship  between  volt-  The  most  useful  criterion  of  per- 
age  and  current  existing  at  their  formance  for  a  television  amplifier 
input  terminals  nor  is  any  attempt  has  thus  become  related  not  to  the 
made  to  do  this.  Designers  of  phase  characteristics  but  to  the 

video-frequency  amplifiers  have  had  time  of  transmission  through  the 

recourse  to  the  principle  of  con-  amplifier.  An  amplifier  which  has 

stant  time  delay  of  transmitted  sig-  constant  time  of  transmission  over 

nals  to  overcome  difficulties  of  de-  the  desired  frequency  band  is  ob- 

signing  phase  distortionless  am-  tained  when  the  angular  rotation 

plifiers.^  of  phase  is  kept  constant  with  re¬ 
in  the  typical  video  amplifier  the  spect  to  frequency  or  when  t  =  0/a>, 

phase  relation  between  the  input  where  t  is  the  time  of  transmission, 

FIG.  1— The  two  curves  at  (a)  show  phase  and  Output  signals  might  rotate  d  is  in  radians  and  w  is  in  radians 

and  amplitude  characteristics  of  a  typical  through  several  hundred  degrees  per  second.  If  an  attempt  were 

RC-coupled  amplifier.  When  negative  feed¬ 
back  is  applied  to  this  amplifier,  its  char¬ 
acteristics  become  those  shown  at  (b) 

Need  for  faithful  reproduction 
of  the  input  signal  both  in 
phase  and  amplitude  in  wide-band 
amplifiers  necessitates  rigid  control 
of  amplifier  phase  characteristics. 

The  purpose  of  this  article  is  to 
show  how  this  requirement  may  be 
met  in  wide-band  amplifier  design 
by  employing  negativte  feedback 
for  phase  control,  provided  certain 
precautions  are  observed. 

Video  Amplifier  Design 

Amplifiers  having  zero  phase  FIG.  2 — ^At  high  frequencies  the  coupUng  network  of  an  amplifier  contains  an 
characteristics  should  not  be  con-  effective  shunt  capacitance  C, 


136-1 


March  f9«  —  ELECTRONICS 


+20 


\c 

0) 

f  S 

<t  0 

I  -20 

a 


■ 

■ 

1 

II 

III 

IBl 

IH 

■ 

■ 

1 

II 

mi 

■ 

■ 

1 

1 

nil 

■ 

■ 

! 

S 

s 

■ 

■ 

1 

II 

miE 

1 

1 

nil 

m 

p 

s 

iS 

IH 

■ 

■ 

1 

II 

IBI 

g 

1 

i 

i 

n 

■ 

■ 

II 

III 

Hi 

1 

i 

11 

■1 

■ 

■ 

1 

II 

III 

IBIll 

IH 

11 

■ 

■ 

1 

1 

nil 

Ml 

■ 

■ 

1 

II 

III 

IWM 

IHI 

■ 

■ 

1 

II 

■■ 

■ 

■ 

■ 

1 

nil 

Angular  Veloci+y  in  Radians  per  Sec. 


c 

g 

0  ja 
(b  C 


-10  < 


10' 


Typical  ampliiier  characteristic  obtainable  with  stabilized  neqatiTe 
feedback  shows  wide,  flat  phase  as  well  os  frequency  response 


made  to  obtain  a  television  ampli¬ 
fier  having  zero  phase  characteris¬ 
tics  there  would  not  only  be  little 
appreciable  gain  in  fidelity  of  pic¬ 
ture  reproduction  but  also  a  great 
increase  in  complexity  because  sim¬ 
ple  amplitude  filters  could  not  be 
used  without  corresponding  phase 
shifting  devices.  These  difficulties 
would  be  particularly  apparent  in 
the  design  of  the  radio  and  inter¬ 
mediate-frequency  channels. 
However,  in  measuring  equip¬ 
ment  such  as  oscilloscopes  for  use 
in  transient  analysis  or  in  observ¬ 
ing  non-linear  characteristics*  it  is 
frequently  necessary  and  generally 
desirable  that  the  system  have  zero 
phase  shift  and  flat  response. 

Requirements  for  Zero  Phase-Shift 
Amplifiers 

When  considering  the  design  of 
zero  phase-shift  amplifiers,  it 
should  be  borne  in  mind  that  each 
tube  in  a  multi-stage  amplifier  will 
rotate  the  phase  180  degrees.  Two 
tubes  in  tandem  will  give  a  360- 
degree  change  or  effectively  restore 
the  phase  to  its  original  position. 
No  time  delay  is  involved  in  such  a 
phase  reversal  where  the  frequency 
is  such  that  tube  transit-time  ef¬ 
fects  can  be  neglected^  and  this  will 
always  be  the  cas’?  within  the  fre¬ 
quency  band  under  discussion. 

As  with  video  amplifiers,  trans¬ 
former  couplings  cannot  be  toler¬ 
ated  owing  to  their  inherently  poor 
phase  transmission  characteristics. 
Thus  resistance  coupling  and  cath¬ 
ode  followers  for  impedance  trans¬ 
formations  are  the  major  design 
features  of  zero  phase-shift  ampli¬ 
fiers. 

Conventional  RC-coupled  ampli¬ 
fiers  are  characterized  by  a  lagging 
phase  angle  at  high  frequencies  due 


to  shunt  capacitances  and  a  leading 
phase  angle  at  low  frequencies  due 
to  the  finite  time  constant  of  the 
coupling  capacitance  and  grid  re¬ 
sistance.  Figure  1  shows  repre¬ 
sentative  curves  for  the  phase  and 
amplitude  characteristics  of  a  typi¬ 
cal  RC-coupled  amplifier,  and  the 
effect  of  feedback  on  these  charac¬ 
teristics  when  no  attempt  is  made 
to  stabilize  the  phase  and  ampli¬ 
tude  at  the  extreme  edges  of  the 
required  frequency  spectrum. 

Some  compromise  is  usually 
necessary  in  a  zero  phase-shift 
amplifier  between  the  conflicting 
factors  of  flat  amplitude  response 
and  flat  phase  characteristic.  An 
amplifier  having  flat  amplitude  re¬ 
sponse  within  a  fraction  of  a  db 
may  have  phase  errors  as  high  as  20 
or  30  degrees.  Similarly,  a  flat- 
phase  amplifier  may  have  ampli¬ 
tude  variations  of  the  order  of  a  db 
or  more.  Because  the  purpose  of 
this  article  is  to  bring  out  the  sal¬ 
ient  points  in  the  design  of  ampli¬ 
fiers  having  flat  phase  response,  the 
conventional  viewpoint  of  design¬ 


ing  for  flat  amplitude  will  be 
dropped  in  favor  of  designing  for 
flat  phase  characteristics  with  the 
best  possible  amplitude  response. 

In  general,  application  of  nega¬ 
tive  feedback  will  considerably  re¬ 
duce  phase  distortion  from  some 
undesirable  amount,  but  not  neces¬ 
sarily  to  zero.®  Additional  tech¬ 
niques  must  be  applied  to  insure 
a  completely  flat  phase  character¬ 
istic  and  methods  will  be  suggested 
to  advance  or  retard  phase  the  re¬ 
quired  degree.  This  additional  com¬ 
pensation  required  to  correct  for 
the  angular  displacements  at  the 
extreme  edges  of  the  pass-band  ex¬ 
tends  the  effective  working  range 
of  the  amplifier.  Correction  of 
phase  distortion  of  this  type  in 
negative-feedback  amplifiers  will 
also  improve  the  amplitude  re¬ 
sponse  in  the  same  regions. 

High-Frequoncy  Phase  Equalization 

A  typical  two-stage  RC-coupled 
amplifier  is  shown  in  Fig.  2.  The 
phase  shift  between  the  input  and 
output  terminals  is  determined,  in 


FIG.  3 — Shrat  inductiTe  compensation  improTos  high-frequency  response 
of  resistance-capacitance  coupled  ampliiier 
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the  absence  of  feedback,  by  the 
time  constant  of  the  plate  resistor 
R,  and  the  sum  of  the  tube  and 
stray  capacitances  C,.  Gain  and 
phase  angle  are  given  by 

^  —  tan“‘  wCtRp  (2) 

In  this  case  <f>  represents  the  angle 
by  which  the  voltage  e,  lags  behind 
the  applied  voltage  (Fig.  2). 

For  a  small  phase-angle  depar- 


be  5000  ohms  and  with  Ct  =  20  /x/i/ 
and  L  =  500  /xh  the  gain  is  25 
per  stage  with  negligible  phase  dis¬ 
tortion. 

A  more  complete  idea  of  the  cir¬ 
cuit  performance  can  be  gained  and 
the  effect  of  frequency  upon  stage 
gain  estimated  from  the  plate  im¬ 
pedance  for  the  LCtR,  circuit  de¬ 
scribed  above  as  given  in  Eq.  (5). 

^  _  fip  4-  ju>  [L  (1  -  <JLCt)  - 
(1  -  (^LC,y  + 


FIG.  4 — Negotiye  feedback  from  grid  of  following '  stage  to  cathode  of  preceding 
stage  improTos  the  phase  response  of  the  coupling  network 


ture  and  constant  amplitude  it  can  We  are  only  interested  in  the  real 
be  seen  that  the  product  (aC,R,  must  •  part  of  this  equation,  which  is 
be  kept  to  a  minimum.  Assuming  ^  Rj, 

for  example  that  o)  =  10*,  for  a  ^ 

phase  shift  of  the  order  of  one  de-  Substituting  L  =  C,R,*  and  solving 
gree  the  product  CtRp  should  not  be  for  the  stage  gain  we  obtain 
greater  than  10'*.  Because  it  is  dif- 
ficult  to  keep  the  total  capacitance  ^  “  i  —  {uCtR 
C,  below  20  wf,  R  can  be  only  600  Equation  (7)  Ihows  that  amplitude 
ohms  for  a  phase  lag  of  .(.  =  0.6  de-  substantially  flat  over  the  fre- 
grees,  or  much  too  low  for  useful  ^uency  band  of  interest  because 
stage  gam.  „  ,  .  (o>C,/2p)*  is  considerably  less  than 

If  a  small  inductor  L  is  added  in  unity  for  the  previously  chosen 
series  with  R„  the  phase  error  values 
may  be  reduced  to  zero  and  at  the 

same  time  a  higher  plate  load  can  High-Frequtney  Compensation  by 
be  used.  Figure  3  shows  the  addi-  Negative  Feedback 

tion  of  L.  The  phase  angle  for  such  ^be  reduction  of  phase  errors  at 
a  combination  of  L,  Ct  and  R,  is  frequencies  by  negative  feed- 

4  m,  tan'^w  [L  (1  —  w*LCt)  —  CtRp^]/Rp  (3)  back  is  done  by  means  of  the  circuit 
If  L  is  made  equal  to  CtRp*,  then  of  Fig.  4.  The  response  ratio,  mid- 
♦  -  tan-i  (uCtRp)*  (4)  dle-frequency  to  high-frequency 

As  ii>C,Rp  will  in  general  be  less  gain  ratio,  is  given  by  Eq.  (8)  if 
than  unity,  this  residual  phase  is  less  than  unity  and 

error,  being  very  much  less  than  =  Ctt. 

one  degree,  may  be  neglected.  With  ^  1  — 

tubes  having  a  of  5000,  R,  may  1  —  Atfio  +  j2wCJtp 
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FIG.  5 — small  copacitonco  in  the  cothod* 
circuit  advances  the  phase  angle  of  ths 
high-lrequency  voltage  applied  to  the  grid 
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The  phase  distortion  is  thus  re¬ 
duced  by  the  factor  1/(1 — 
and  the  amplitude  will  remain  con¬ 
stant  for  the  above  assumption. 

Taking  the  figures  given  for  the 
amplifier  in  the  previous  example 
and  assuming  a  feedback  factor  of 
Ao/3o  =  —  5,  the  phase  error  will  be 
reduced  by  a  factor  of  six.  Thus  a 
phase  error  of  —11.6  degrees  is  re¬ 
duced  to  a  phase  error  of  —1.9 
degrees  at  o)  =  10*.  Additional 
phase  correction  must  be  used  to 
reduce  this  angle  to  zero. 

One  very  convenient  method  of 
doing  this  is  to  add  a  small  capaci¬ 
tance  across  a  normally  unbypassed 
cathode  resistance  as  in  Fig.  5. 
This  capacitance  effectively  ad¬ 
vances  the  phase  of  the  signal  ap¬ 
plied  to  the  tube  grid  in  relation  to 
the  signal  applied  to  the  input  cir¬ 
cuit.  The  voltage  applied  to  the 
grid  is  e,  =  e,  —  e*  and  assuming 
(uRcCc  to  be  less  than  unity,  the 
impedance  of  the  cathode  circuit 
can  be  expressed  as  (l—jtuCcRc) 
so  that 


6g  —  6i  QmRc  (1  “  J<>>CcRe} 
eg  =  (Cl  —  QmRe)  +jo>CcRt'gm  (9) 

Thus  it  can  be  seen  that  an  effec¬ 
tively  leading  pffhse  angle  is  ap¬ 
plied  to  the  tube  grid  voltage.  In 
the  case  of  the  two-stage  feedback 
amplifier,  the  capacitor  C«  is 
shunted  across  the  cathode  feed¬ 
back  resistor.  The  effect  of  this  ca¬ 
pacitor  on  the  phase  of  the  output 
signal  is  exactly  equivalent  to  the 
addition  of  an  inductor  in  series 
with  the  plate  resistor.  The  ca¬ 
pacitor  is  advantageous  in  its  ease 
of  application  and  adjustment. 

Minimum  phase  distortion  is  ob¬ 
tained  at  low  frequencies  when  the 


time  constant  of  the  coupling  ca¬ 
pacitor  and  grid  resistor  is  made  a 
maximum.  Ideally  a  direct  coup¬ 
ling  would  be  used.  Limitations  to 
increasing  the  time  constant  arise 
from  physical  bulk  of  the  coupling 
capacitor,  which  due  to  stray  ca¬ 
pacitance  causes  considerable  phase 
shifts  at  the  high  frequencies  and 
gas  currents  in  the  vacuum  tube 
which  prevent  the  grid  resistor 
from  being  increased.  An  insuffi¬ 
ciently  large  time  constant  will 
cause  the  phase  to  become  advanced 
as  the  signal  passes  through  the 
amplifier. 

Lew-PreqHeney  Phas*  Eqnaliiation 

A  convenient  method  of  retard¬ 
ing  the  phase  to  its  normal  value 
is  to  shunt  part  of  the  anode  load 
with  a  capacitor  as  in  Fig.  6. 
R,Ci  will  cause  e/  to  lead  eu  R,C, 
will  give  a  corresponding  lagging 
phase  which,  by  suitable  choice, 
will  counteract  the  lead  introduced 
by  RgCg.  The  gain  without  com¬ 
pensation  is 

g„Rpa+j/Rt<»Cg)  (10) 

The  phase  angle  of  the  equalized 
plate  circuit  impedance  is 

C 

^  ^  -H  [1  -H  («Cii2,)«] 

However  Ri  may  be  regarded  as  a 
high-impedance  shunt  provided 
for  d-c  feed  across  the  capacitor  Ci 
and  in  most  cases  can  be  neglected. 
Thus  Cl  may  be  considered  simply 
as  in  series  with  R,,  giving  an  ef¬ 
fective  impedance  Z. 

Z^Rp-jtoiCi  (12) 


4  X  * 


Angular,  VelScify  in  RaHiamJjper  5ec 


FIG.  7 — If  the  feedback  network  time  conitant  is  twice  the  grid  coupling  net¬ 
work  time  constant,  the  phase  characteristic  at  low  frequencies  Tories  with 
feedback  foctor  as  this  fomily  of  curres  shows 

The  phase  angle  of  Z  is 
♦  =  -  tan-»  (l/«Cii?,)  (13) 

It  can  be  seen  from  Eq.  (10)  and 
(13)  that  an  effective  cancellation 
of  low-frequency  phase  errors  is 
obtained  when  the  time  constant  of 
RJCi  is  made  equal  to  the  grid  coup¬ 
ling  time  constant  RjCg. 

Low-Frequency  Compensation  by 
Negative  Feedback 

As  in  the  case  of  high-frequency 
correction,  feedback  may  also  be 
used  for  phase  correction  at  low 
frequencies,  with  the  correspond¬ 
ing  advantages  of  gain  stabiliza¬ 
tion  by  the  circuit  of  Fig.  4.  Thus, 
although  two  types  of  circuit  are 
required  for  phase  compensation. 


one  for  high-frequency  and  one  for 
low-frequency  compensation,  a  sin¬ 
gle  feedback  network,  if  properly 
designed,  provides  both  high  and 
low-frequency  phase  correction. 
However,  unless  care  is  exercised 
in  the  choice  of  coupling  compon¬ 
ents,  the  phase  errors  may  be  ser¬ 
iously  increased.  The  greatest  diffi¬ 
culty  is  maintaining  in  circuits  of 
this  type  a  high  enough  time  con¬ 
stant  in  the  feedback  loop  without 
adversely  affecting  the  high-fre¬ 
quency  characteristics. 

For  high  feedback  factor  Ao^o  it 
is  essential  to  keep  the  ratio  of 
feedback  time  constant  to  the  coup¬ 
ling  time  constant  high.  The  re¬ 
sponse  ratio  for  low-frequency  am¬ 
plification  compared  to  mid-band- 
frequency  amplification  is 

R\am  “ 

_ wT  (wT  -  j) _ 

where  T  »  feedback  time  constant  C/6  Rfb 
P  “  C/6  Rfb! Cg  Rg 

Figure  7  shows  the  effect  of  in¬ 
creasing  the  feedback  without  in¬ 
creasing  the  time  constant  ratio  P. 
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fig.  6 — Shunting  a  port  of  tho  plots  lood  improvss  low-frequency  response  of 

an  omplifier 
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Transmission-Line 


Impedance  along  transmission  line  or  length  of  line  necessary 
to  transform  one  impedance  to  another  are  quickly  determined 


FIG.  1 — Basic  coordinate  system  irom  which  transmission-line 
calculator  is  derived 


The  curves  for  this  vhf  calcu¬ 
lator  were  derived  from  the 
equation  for  the  voltage  reflection- 
coefficient  iiC  =  {Zi,—Zo)/(Zi.  +  Zo). 
This  equation  is  transformed  to 
Zl/Zo  =  (K  +  1)/(1—K)  in  which 
Zi/Zo  =  R  +  jX  is  the  ratio  of  load 
impedance  to  characteristic  line  im¬ 
pedance,  and  X  is  a  complex  num¬ 
ber  which  can  be  represented  by  its 
rectangular  coordinates  w  +  jv. 

Chart  Construction 

Equating  the  real  components  of 
this  equation,  we  obtain  the  equa¬ 
tion  of  a  circle  for  a  fixed  value  of 
R  with  center  at  u  =  R/(R  +  1),  i; 
=0  and  radius  l/(i2-f  1.)  Because 
R  cannot  be  negative,  none  of  these 
circles  can  have  a  radius  greater 
than  unity. 

In  a  similar  manner,  the  imagi¬ 
nary  components  yield  an  equation 
for  two  circles,  because  jX  can  be 
either  positive  or  negative  for  a 
given  arithmetic  value  of  X,  with 
centers  at  m=1,  v=1/X  and  u=l, 
v=  —1/X  and  with  radius  1/X. 


These  two  families  of  circles  are 
plotted  in  Fig.  1.  Superimposed  on 
these  circles  are  the  polar  coordi¬ 
nates  which  locate  the  complex 
number  K — that  is,  K=u+jv=ka.. 

The  transmission-line  chart  in 
Fig.  2  is  a  modification  of  this  dia¬ 
gram.  Concentric  k  circles  from 
Fig.  1  are  used  on  the  chart  to  rep¬ 
resent  standing  wave  ratio  Q, 
where  Q=  (1-f fc)/(l— fe),  and  the 
radial  a  lines  are  used  to  give  dis¬ 
tance  along  the  transmission  line 
where  0=(a+18O°)/2  is  the  dis¬ 
tance  in  electrical  degrees  from  the 
load  end  of  the  line  to  the  first  volt¬ 
age  minimum.  If  d  is  between  0 
and  90  degrees,  X  is  negative;  and 
if  6  is  between  90  and  180  degrees, 
X  is  positive. 

Examples  of  Chart  Applications 

As  an  application  of  the  chart  in 
determining  points  of  maximum 
and  minimum,  take  the  case  of  a 
line  terminated  by  a  capacitive  im¬ 
pedance  such  that  Z lIZ 0=1— jl.2. 
On  the  chart  this  point  is  located 


at  R=l,  X=1.2  which  has  an  an¬ 
gular  coordinate  of  about  60.5  de¬ 
grees  (for  a  negative  reactance) 
indicating  that  the  first  voltage 
minimum  is  60.5  electrical  degrees 
from  the  load.  Had  the  load  been 
inductive,  Z^/Zo  would  have  been 
l-}-;1.2  and  the  first  voltage  mini¬ 
mum  would  have  been  119.5  elec¬ 
trical  degrees  from  the  load.  There 
would  have  been  a  voltage  maxi¬ 
mum  119.5“ -90“ =29.5’  from  the 
load.  In  either  case,  since  the 
point  falls  on  the  Q=3.1  circle,  the 
ratio  of  maximum  to  minimum 
voltage  is  3.1. 

An  unknown  load  impedance  can 
be  determined  from  measurements 
on  a  line  of  known  characteristic 
impedance,  using  the  chart.  As  a 
specific  illustration,  the  standing 
wave  ratio  is  3  and  the  voltage 
minimum  or  current  maximum  is 
50  electrical  degrees  from  the  load. 
This  data  locates  a  point  at  Q=3, 
0=50°  on  the  chart.  At  this  point 
R=0.7,  X=0.9.  Here  X  is  negative 
because  0<9O°.  The  load  imped¬ 
ance  is  Zo(0.7  —  ;0.9).  Had  the 
voltage  minimum  occurred  130  de¬ 
grees  from  the  load,  the  load  imped¬ 
ance  would  have  been  numerically 
the  same  but  inductive  because 
0<9O“  in  this  case. 

Another  useful  application  of 
this  chart  is  in  determining  im¬ 
pedance  at  one  point  on  a  line  if 
impedance  at  another  point  is 
known.  A  problem  such  as  this 
arises  in  matching  impedances  by 
interposing  quarter-wave  line  sec¬ 
tions.  For  example,  what  is  the 
wave  impedance  on  a  line  at  a  point 
one  quarter  wave  length  from  an 
impedance  such  that  Zi,/Zo=2.5- 
jl?  This  given  impedance  locates 
a  point  on  the  chart  at  which  Q=3, 
0=81  degrees;  90  degrees  from  this 
point,  i.  e.,  at  Q=3,  0=81*4-90“= 
171“  on  the  chart,  is  the  point  R= 
0.34,  X  =  4-0.14.  Thus  the  wave 
impedance  on  the  line  a  quarter 
wavelength  from  Zl  is  Z«(0.344- 
jO.14. 
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Degrees  to  node  for  +X  Values  of  Q 


DISCRIMINATOR 


The  correlation  of  electrical  characteristics  in  resonant  coupled  circuits  and  staggered  cas¬ 
cade  circuits  is  demonstrated.  From  this  result  discriminator  action  is  explained  and  con¬ 
ditions  for  hest  linearity  established.  Theoretical  linearity  curves  are  plotted 


FIG.  1 — Relative  resonance  characteristic 
showing  absolute  value  of  impedance  as  a 
function  of  Q  and  the  ratio  of  frequency 
off  resonance  to  the  resonont  frequency 

Discriminator  circuits  are 
widely  used  to  convert  fre¬ 
quency-modulated  signals  to  audio¬ 
frequency  voltages.  For  this  pur¬ 
pose  it  is  desirable  that  the  direct 
output  vary  linearly  with  the  input 
frequency.  This  article  discusses 
that  linearity. 

Logically  we  might  write  down 
the  equations  governing  discrimi¬ 
nator  action  without  preliminary 
work.  However,  the  relationships 
in  a  discriminator  can  be  obtained 
as  an  extension  of  the  problem  of 
tuned  coupled  circuits.  The  re¬ 
sponse  curves  for  tuned  coupled 
circuits  are,  in  turn,  very  closely 
related  to  those  for  simple  tuned 
circuits.  For  these  reasons  it  seems 
easiest  to  treat  these  three  prob¬ 
lems  as  a  unit.  In  explaining  dis¬ 
criminator  action  we  shall  there¬ 
fore  begin  with  a  brief  review  of 
simple  parallel  resonance  and  of 
coupled  circuits. 

Review  of  Resonant  and  Coupled 
Circuits 

The  impedance  of  a  resonant  cir¬ 
cuit  of  parallel  R,  L  and  C  is  given 
by: 

It  is  customary  to  simplify  this  ex¬ 
pression  by  normalizing  the  fre¬ 
quency  variation  in  terms  of  the 
bandwidth  of  the  tuned  circuit  be- 
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tween  half-power  points.  On  this 
basis  the  impedance  becomes: 


or 


Z  = 


R 

1  + 


(2) 


I  — I  =  1 
U  I  vi  + 

where 

x^2QA///. 

A/  =  frequency  off  resonance 


Figure  1  is  a  plot  of  the  well-known 
normalized  resonance  curve. 

To  get  a  physical  picture  of  what 
takes  place  in  coupled  circuits  we 
can  think  of  the  response  curve  as 
the  product  of  two  resonance  curves 
staggered  in  frequency  a  certain 
number  of  bandwidths. 

For  example,  two  resonant  cir¬ 
cuits  can  be  regarded  as  the  coup¬ 
ling  impedances  in  a  two-stage 
amplifier  as  indicated  in  Fig.  2. 


FIG.  2 — Staggered  resonont  circuits  used 
os  coupling  elements  in  cascode  amplifier 


FIG.  3 — Identically  tuned  coupled-resonant 
circuits  could  be  used  as  a  coupling 
element 


FIG.  4 — Symmetrically  detuned  resonant 
circuits  combine  to  give  critical  Hotness  at 
0=1.  The  ordinates  of  the  product  curve 
ore  multiplied  by  two  to  improve  reodabiiity 


The  voltage  amplification  is  given 
by: 

Eo  [I +j{x  +  a)l  (1  +jix-  a)l 

(4) 

or 

1§|  =  — -  (5) 

l^ol  Vll -i- (®  +  o)*]  U  +  (X  -  a)*l 


Here  each  circuit  is  resonated  a 
half-bandwidths  from  the  mean 
frequency. 

In  the  case  of  the  coupled  cir¬ 
cuits  shown  in  Fig.  3,  we  try  to 
obtain  an  analogous  expression  for 
the  transfer  impedance,  £'»//o.  It 
will  be  worth  working  this  out  in 
detail  because  the  results  are  di¬ 
rectly  applicable  to  the  discrimina¬ 
tor.  Tn  Fig.  3  we  have: 


and 


El 


Zi  (Zi  +  Zi)  . 

2Zi  +  Zi  ® 


(6) 


E, 


Zi 

Zi  -1-  Zi 


El 


17) 


Combining  Eq.  (6)  and  (7)  we 
have: 


E,  Zi^ 

h  2Zi  +  Zt 


(8) 


The  impedance  Z,  is  that  of  a 
physical  capacitor.  It  is  very  con¬ 
venient,  however,  to  neglect  the 
variation  of  this  capacitance  over 
the  small  percentage  range  of  fre¬ 
quencies  considered  in  the  reson¬ 
ance  curves.  This  enables  us  to  sim¬ 
plify  Zt  to 

Z,  -  jkR.  (8) 
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LINEARITY 


Substituting  Eq.  (2)  and  (9)  in 
Eq.  (8),  we  obtain 


Ei 

li2/(l  -fix))* 

(10) 

/o 

"  I2fl/(1  +jx)]-jkR 

or 

Et  _ 

1 

(11) 

loB 

(2  —  jk  -f  fcc)  (1  -f  jx) 

Comparii 

ion  of  Symmetrically 

Detuned 

Cascaded  Circuits  with  Identically 
Resonated  Coupled  Circuits 

It  would  be  desirable  to  reduce 
Eq.  (11)  to  a  form  similar  to  that 
of  Eq.  (4).  In  order  to  do  this  it 
is  clearly  necessary  to  get  the  co¬ 
efficient  of  X  in  the  second  factor 
of  Eq.  (11)  changed  from  k  to  j. 
This  is  accomplished  by  multiply¬ 
ing  numerator  and  denominator  by 
j/k: 

—  = - — -  (12) 

/oft  11  +  j  (*  +  2/A:)J  (1  -I-  jx] 

If  we  measure  normalized  frequency 
deviations  from  1/k  instead  of 
from  zero  by  changing  the  variable, 
so  that  X  +  l/K  =  y,  Eq.  (12)  be¬ 
comes 

Et  _  j/k 

hR  [1 +j(.y+l/k]\l+jiy-l/k)] 

(13) 

Except  for  a  multiplying  factor  and 
a  shift  of  abscissas  this  is  identical 
to  Eq.  (4),  the  equation  for  stag¬ 
gered  circuits.  In  Eq.  (13)  1/k  is 
to  be  identified  with  a,  the  half 
bandwidths  off  resonance,  of  Eq. 
(4). 

The  choice  of  direct  capacitive 
coupling  rather  than  mutual  induc¬ 
tive  coupling  was  made  to  simplify 
the  computation.  If  inductive 
coupling  had  been  used  the  results 
would  have  been  the  same  except 
that  no  shift  in  abscissas  would 
I  have  occurred. 

The  relationship  between  stag¬ 
gered  and  resonant  circuits  pro¬ 
vides  the  physical  interpretation 
of  the  resultant  curves.  The  prod¬ 
uct  of  two  widely-spaced  curves 
Sives  a  double  resonant  peak  while 
ihe  product  of  two  coincident  peaks 
yields  a  single  sharp  peak.  Thus  we 
ure  led  to  investigate  the  possibil¬ 
ity  of  choosing  the  spacing  between 
Poaks  in  such  a  manner  as  to  make 


the  two  peaks  coalesce  to  give  a 
critically-flat  curve. 

One  way  of  determining  the  con¬ 
ditions  of  this  consists  of  differen¬ 
tiating  Eq.  (5)  with  respect  to  x 
and  determining  the  value  of  a  that 
would  make  the  two  peaks  just 
meet.  A  second  method  consists  of 
setting  the  second  derivative  of 
the  curve  equal  to  zero  at  a;  =  0  and 
solving  for  a.  As  is  well-known, 
these  conditions  lead  to  the  choice 
of  a  =  1  for  critical  flatness.  Curves 
showing  the  two  resonant  curves 
and  their  product  for  this  condition 
are  shown  in  Fig.  4. 


FIG.  5 — Simple  staggered  resonant-circuit 
discriminator 


FIG.  6 — Basic  coupled  resonant-circuit  dis¬ 
criminator 


Discriminators 

We  found  it  convenient  to  ob¬ 
tain  a  physical  picture  of  coupled 
circuits  by  means  of  cascaded  stag¬ 
gered  circuits.  In  just  the  same 
way  it  is  useful  to  consider  a  very 
simple  discriminator  circuit  before 
considering  the  general  case.  Fig¬ 
ure  5  shows  an  idealized  discrim¬ 
inator  circuit  of  this  sort. 

Detectors  are  arranged  to  pro¬ 
vide  two  opposing  direct  voltages 
one  of  which  is  proportional  to  the 
magnitude  of  the  impedance  of  one 
circuit  while  the  other  is  propor¬ 
tional  to  the  impedance  of  the  sec¬ 
ond  circuit.  As  before  the  resonant 
frequency  of  each  circuit  is  stag¬ 
gered  from  a  mean  value  by  a  half- 
bandwidths.  Thus  we  have 


/oftVT 


1 

Vl  -h  (*  —  af 


VH-  (x  -h  o)» 

It  has  been  pointed  out  by 
Travis^  that  the  more  conventional 
t3rpe  of  discriminator  has  a  char¬ 
acteristic  expressible  in  this  form. 
Let  us  consider  the  circuit  shown 
in  Fig.  6.  From  our  previous  analy¬ 
sis,  we  see  that  while  the  frequency 
discrimination  of  the  circuit  of  Fig. 

5  corresponds  to  that  of  the  circuit 
in  Fig.  2,  the  discriminator  of  Fig. 

6  behaves  like  the  coupled  circuits 
of  Fig.  3. 

The  voltages  Ea  and  Et  in  Fig.  6 
are  fed  to  separate  linear  rectiflers 
whose  outputs  are  opposed.  It  is  as¬ 
sumed  that  the  coils  in  Fig.  6  are 


FIG.  7 — Proctical  diBcriminotor  circuit  which  has  the  some  action  as  the  basic 
coupled  resonant  circuit  oi  Fig.  6 
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inductively  coupled.  If  negligible 
load  current  is  drawn  from  the 
points  a  and  h  the  voltage  £7.  is 
made  up  of  half  the  difference  be¬ 
tween  the  primary  and  secondary 
voltages.  Similarly  the  voltage  £7* 
is  made  up  of  half  the  sum  of  these 
two  voltages.  Whether  the  primary 
and  secondary  circuits  are  induc¬ 
tively  coupled  or  capacitively  cou¬ 
pled  makes  no  essential  difference. 
Hence  except  for  a  shift  in  the  vari¬ 
able  and  a  constant  factor,  the  pri¬ 
mary  and  secondary  circuits  of  Fig. 
6  are  related  in  the  same  way  that 
the  corresponding  circuits  in  Fig.  3 
are  related.  Thus  we  are  led  to 
consider  the  magnitudes  l£7i  -|-  £72] 
and  Ifi*!  —  £7b|  in  Fig.  3.  Combining 
Eq.  (6)  and  (8)  we  write: 


El  -f-  Ej  _  Zi  {Zi  -}-  Zt)  -f-  Zi^ 
lo  2Zi  -|-  Z2 

and 


Zi  (15) 


El  —  El  _  Zi  i(^i  -f~  ?;)  i~  _  Zi  Zi 
lo  2Zi  +Zi  2Zi  +  Zi 

(16) 


Substituting  the  equivalent  expres¬ 
sions  for  the  impedances,  we  have 


El  E  j  1^ 


/off 


il  +  jx 


(17) 


and 


1 

El  —  Ej  _  1  "h  JX 

loR  ~  2 

1  +  JX 


(-  jk) 
—  jk 


-  jk 

2  —  jk  +  lex 
(18) 


Forming  the  difference  between 
the  magnitudes  of  Eq.  (17)  and 
(18)  we  write 


\  El  E2  \  —  \  El  —  Ei  \ 

\Io\R 


Vl-l-x2  Vl -t- (x  +  2/)fc)*  ^ 

Making  the  substitution  y  z=  x 
1/k  as  before  and  writing  h(y) 
for  the  value  of  the  function  we  ob¬ 
tain 


yi  +  (y  -  a)*  .  ^Jl  +  (y  +  ay 
(20) 

where  a  =  1/k. 

This  has  the  same  form  as  Eq. 
(14). 

The  practical  discriminator 
shown  in  Fig.  T  can  be  made  the 
same  as  that  shown  in  Fig.  6  pro¬ 
vided  that  proper  turns  ratios  are 
used  between  the  primary  and  sec¬ 
ondary  windings  and  provided  the 
two  windings  have  the  same  Q.  The 
two  rectifier  outputs  are  propor¬ 
tional  to  I  £76 1  and  |£'„I. 


FIG.  8 — Discriminator  characteristics  which 
result  from  a  coupling  equivalent  to  a 
frequency  spacing  between  circuit  reson¬ 
ances  which  corresponds  to  a  —  V  3/2 


FIG.  9 — Discriminator  curves  for  various 
values  of  a 


FIG.  10 — Deviations  of  discriminator  curves 
from  tangents  at  their  cross-over  point 

The  symmetrical  conditions  as¬ 
sumed  in  Fig.  2  in  deriving  coupled- 
circuit  relationships  are  by  no 
means  necessary  but  are  mathemat¬ 
ically  convenient.  Similarly  it  is 
likely  that  symmetrical  conditions 
are  not  necessary  in  the  case  of  dis¬ 
criminators.  Nevertheless  the  as¬ 
sumption  of  such  conditions  is  very 
helpful  in  carrying  out  the  arith¬ 
metic  in  each  case.  The  writer  has 
not  tried  to  get  a  solution  of  unsym- 
metrical  cases. 

Condition  for  Best  Linearity 

Let  us  investigate  the  shapes  of 


the  curves  given  by  Eq.  (20). 
Clearly  if  we  let  the  two  generating 
resonance  curves  be  spaced  by  too 
great  a  frequency  the  resultant 
curve  will  be  badly  nonlinear.  Sim¬ 
ilarly  the  curve  for  an  opposite  ex¬ 
treme  will  have  a  reverse  curvature 
and  will  be  just  as  undesirable.  If 
we  investigate  the  linearity  at  the 
center  by  considering  the  deriva¬ 
tives  at  the  point  2/  =  0  we  find, 


(0)  = 


2a 


(1  + 
h  "  (0)  =  0 

h  (0)  =  0 

,  ,,  30a  (8a^  -  40a^  -f  15) 

*  (0) - (l  +  a2)u/* 

h  ^‘(0)  =0 
h  (0)  = 

630a  (226a«  -  78a«  +  OOa^  -  35) 
(1  -h  a*)«'* 


It  will  be  noticed  that  for  a  = 
V^72  the  second,  third,  and  fourth 
derivatives  are  all  zero,  making  for 
exceptionally  good  linearity. 

Figure  8  shows  the  discrimi¬ 
nator  characteristic  for  this  critical 
case  where  the  third  derivative  van¬ 
ishes.  Figure  9  shows  a  family  of 
curves  for  various  values  of  a  be¬ 
tween  1  and  2.  For  convenience  the 
lower  halves  of  these  curves  have 
been  omitted. 

It  would  have  been  useful  to  per¬ 
mit  the  frequency  deviation  y  to 
vary  sinusoidally  and  to  expand 
the  resultant  curve  for  h(y)  as  a 
Fourier  series.  This  would  permit 
the  computation  of  distortion  fac¬ 
tors  for  various  values  of  a  and 
frequency  swing.  Unfortunately 
lack  of  time  has  prevented  the  com¬ 
pletion  of  this  numerical  work. 
However,  some  estimates  of  the  dis¬ 
tortion  can  be  obtained  from  a 
study  of  the  curves  in  Fig.  10. 
These  curves  show  the  difference 
between  the  discriminator  curves 
of  Fig.  9  and  tangents  drawn  to 
them  at  the  origin.  It  will  be  n^ 
ticed  that  the  curve  for  a  =  V3/2 

differs  from  its  tangent  by  less 
than  0.2  percent  for  values  of  y  less 
than  0.5.  However,  the  curve  for 
a  =  1.5  lies  close  to  its  tangent  over 
a  considerably  larger  interval. 


References 

Ml)  Travis,  Charles,  Automatic  Frequ««/ 
Control.  Proc.  IRE,  23,  Oct.  19.35,  p.  ll/^ 
(2)  Foster,  1>.  E.  and  Seely,  S.  r’L. 
matic  'I'uninf;,  Simplified  Circuits. 
siRii  Practice,  Proc.  IRE,  26,  Mar.  1®®  • 
p.  289. 


March  1945  — ELECTRONICS 


144 


Objective  gained'';  Iti  Know  How  that  gets 
them  there.  CINCH  set  out  some  years  ago  to 
mrke  a  socket  for  every  need  in  communica¬ 
tions;  every  size  and  type.  Today  "more  often 
than  not  the  socket  in  service  is  a  CINCH". 


Such  dependability  must  be  attributed  to  the 
"Know  How"  in  the  manufacture.  Cinch  was 
first  in  the  field  with  a  complete  line  of 
miniature  socket  assemblies,  together  with 
nut  straps  and  associated  items. 


uNCH  Fasteners  *  AAinicdure  Socircfs 
1^  Necks  ★.  Octal  Sockets  ★  Lugs 
^•rmina/  Strips  ir  Metal  Sttimpings 


MANUFACTURING  CORPORATION 


CINCH 


2^35  W«|f,  Van  Buran,  Str««t,  Chicaga  12,  IllinaU 

Subsidiary  of  UNITED-CARR  FASTENER  CORPORATION, Canbridgt.  Mass. 
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Filter  Design 


By  C.  J.  MERCHANT 

The  Bru$h  Development  Co. 

VU- reland,  Ohio 
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LOW-  or  high-pass  filters  can.  be 
completely  specified  in  terms 
of  two  quantities,  the  cut-off  fre¬ 
quency  and  the  terminating  im¬ 
pedance.  Band-pass  filters  introduce 
an  additional  quantity,  the  band¬ 
width,  and  therefore  require  three 
quantities  to  specify  their  perform¬ 
ance,  but  their  calculation  can  be 
simplified  by  means  of  a  reactance 
slide-rule  technique  similar  to  that 
described  in  a  previous  reference 
sheet  (February  1945  issue  of 
Electronics)  . 

The  accompanying  charts  give 
the  reactance  constants,  in  ohms,  of 
T  and  «  band-pass  sections  in  terms 
of  the  terminating  impedance  R, 
the  upper  cut-off  frequency  A,  and 
the  mid-band  frequency  /«,  which 
is  the  geometric  mean  of  the  upper 
and  lower  cut-off  frequencies  and  is 
given  by  =  V^i- 

For  example,  to  design  a  3-sec¬ 
tion  filter  of  ^-sections  with  cut-off 
frequencies  at  770  cps  and  1300  cps 
and  terminated  in  1000  ohms,  first 
find  /,.  =  V770  X  1300  =  1000  cps. 
Find  /,//„  =  1800/1000  =  1.30. 
Then  set  the  reactance  slide-rule 
at  fm/R  =  1000/1000  =  1  cps,  and 
find  the  inductances  whose  react¬ 
ances  in  ohms  at  1  cps  are  the  values 
given  on  the  chart  opposite  /,//„  = 
1.30. .  Then  reset  the  rule  at  = 
1000  X  1000  =  1  Me  and  find  the 
capacitances  in  like  manner. 

When  /,//m  is  greater  than  1.50, 
the  filter  can  be  more  economically 
designed  by  cascading  low  and 
high-pass  sections  whose  pass- 
bands  overlap. 

In  specifying  values  for  the  ac¬ 
tual  filter  design,  elements  appear¬ 
ing  directly  in  parallel  or  in  series 
after  cascading  should  be  combined. 


146 


ELECTRONICS  REFERENCE  SHEET 


^RONICS  — 1945 


*Tradr  Mark 


Mallory  Manufacture*  Contact*  for  Every  Application 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


A  Fine  Example 
of  Versatile  Contact  Material 


MALLORY  D-54 


TYPICAL  PHYSICAL  PROPERTIES 

(Annealed) 

Conductivity  %IACS .  73-85 

Hardness  (Rockwell) .  35-43  F 

Tensile  Strength  PSI .  16,000 

: . , 

^Tr.  Ozi  Per  In.* . 5.07-5.17 


One  manufacturer  of  motor-starting  con¬ 
trols  uses  Mallory  D-54  contacts  to  carry 
and  interrupt  a  6(X)-ampere  maximum 
load — 100-ampere  normal  load — with  a 
maximum  operating  voltage  of  460  volts 
AC.  Another  application  requires  contacts 
of  this  material  to  close  on  inrush  cur¬ 
rents  of  2,400  amperes  at  28  volts  DC. 

Still  another  manufacturer  has  bought  in 
the  last  year  over  1,150,000  pieces  of 
Mallory  D-54  for  fifteen  different  applica¬ 
tions.  Mallory  D-54  has  been  tried — and 
not  found  wanting. 


Mallory  D-54  is  also  adaptable  to  the  main 
contact  of  heavy-duty  circuit  breakers 
where  occasional  arcing  proves  so  destruc¬ 
tive  to  silver  contacts. 


AN  electrical  contact  material  must  have 
versatility  to  be  specified  by  design 
engineers  for  many  electrical  contact 
applications.  The  complete  versatility  of 
Mallory  D-54  contacts  is  demonstrated  by 
their  use  in  a  broad  range  of  voltage  and 
current  applications.  This  heavy-duty, 
current  carrying  contact  material  offers 
all  of  the  many  unusual  mechanical  and 
electrical  advantages  of  silver  and  cad¬ 
mium  oxide. 


INDUSTRIAL  CONTROL 

Chicago  Conierence  on  Induction  and  Dielectric  Heating 148 

Electronic  X-Ray  Current  Regulator .  176 

Chicago  Conference  on  Induction  and  Dielectric  Heating 


Almost  5,000  requests  were  re¬ 
ceived  for  tickets  to  attend  the 
afternoon  and  evening  technical 
sessions  of  the  Conference  on  In¬ 
duction  and  Dielectric  Heating, 
sponsored  by  the  Great  Lakes 
Power  Club  in  cooperation  with 
the  Chicago  Lighting  *  Insti¬ 
tute  and  held  January  16,  17  and 
18,  at  the  Marquette  Assembly 
Hall,  Chicago.  Average  attendance 
per  session  was  over  380. 

Fundamentals  of  High-Frequency 
Heating 

In  opening  the  technical  session 
Tuesday  afternoon,  J.  P.  Jordan  of 
General  Electric  Co.  stated :  “There 
is  great  need  for  better  understand¬ 
ing  of  what  electronic  heating — and 
induction  heating  in  particular — 
can  do  and  what  it  cannot  do.” 
After  outlining  the  fundamental 
principles  of  operation,  he  pointed 
out  some  of  the  advantages  and 
limitations  of  induction  heating 
equipment  It  was  shown,  for  ex¬ 
ample,  that  materials  of  reasonably 
high  resistivity  could  be  heated 
more  efficiently  than  materials  such 
as  aluminum,  copper  or  silver,  hav¬ 
ing  very  low  resistivity.  Electronic 
heating  is,  according  to  Mr.  Jor- 
dah,  expensive  compared  to  other 
'types  of  heating  because  the  initial 
"  equipment  and  the  power  required 
are  both  expensive.  For  this  rea¬ 
son  induction  heating  is  not  eco¬ 
nomically  applicable  for  all  pur¬ 
poses.  However,  it  does  have  many 
applications  in  hardening,  heat- 
treatment,  brazing,  soldering,  and 
similar  applications.*  The  user 
should  not  expect  induction  heat¬ 
ing  equipment  to  solve  all  of  his 
headaches.  The  industrial  engineer 
should  consult  with  the  induction 
heating  engineer  to  ascertain  the' 
most  economical  and  suitable  appli¬ 
cations  in  a  given  plant. 

Under  the  title,  “Heat  Treatment 
of  Metals  With  High  Frequency” 


Otto  Weitmann  of  Lepel  High  Fre¬ 
quency  Laboratories  gave  a  general 
talk  on  this  subject,  illustrating  his 
remarks  with  slides  showing  the 
construction  of  output  coils  for  var¬ 
ious  applications  and  outlining  the 
water-quenching  technique  which 
is  commonly  used  in  heat  treatment 
of  metals.  (A  condensed  version  of 
his  paper  appears  on  page  101  of 
this  issue  of  Electronics.) 

Electronic  Brazing  and  Soldering 

H.  U.  Hjermstad  of  Federal  Elec¬ 
tric  Co.,  speaking  on  “Applications 
of  High  Frequency  Heating  to 
Brazing  and  Low  Temperature 
Soldering,”  gave  practical  pointers 
for  proper  preparation  of  joints 
and  connections  which  are  to  be 
brazed  or  soldered.  Proper  spacing 
between  joints  is  necessary  so 


solder  will  flow  to  all  portions  of  the 
joint  by  appropriate  capillary  ac¬ 
tion  after  suitable  fluxing.  In  gen¬ 
eral,  clearances  of  about  0.001  or 
0.002  inch  were  found  to  give  the 
strongest  bonds  between  the  two 
metals.  Cleanliness  in  preparing 
the  surfaces  to  be  joined  cannot  be 
too  greatly  emphasized.  A  series  of 
slides  was  given  showing  recom¬ 
mended  and  poor  practices  in  pre¬ 
paring  materials  for  joining  by 
soldering  or  brazing. 

Molecular  Friction  Makes  Heat 

J.  W.  Cable  of  the  Induction 
Heating  Corp.  discussed  “Funda¬ 
mentals  of  High  Frequency  Heat¬ 
ing.”  Principles  involved  in  heating 
by  alternate  stress  of  the  molecules 
within  dielectric  materials  were 
brought  out.  The  advantage  of  di¬ 
electric  heating  in  providing  uni¬ 
form  temperature  rise  throughout 
the  material  (neglecting  radiation 
losses  from  the  surface  of  the  ma¬ 
terial)  was  shown  to  be  a  distinct 
advantage  over  other  methods  of 
heating. 

New  Frequency-Changer  Unit 

A  brief  talk  was  given  by  F.  R. 
Durand  of  the  Allis-Chalmers  Mfg. 
Co.  on  “Mercury  Arc  Frequency 
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Rat  at  a  flounder,  efficient  as  a  standard  tubular  wire  wound  .  .  .  and  avaiiable 
right  now  for  essential  uses  .  .  .  the  new  Type  FRW  packs  a  wealth  of  features  to 
recommend  it  for  many  limited-space  applications. 


Rve  standard  sizes,  covering  the  0.1  to  22,000  ohm  range,  are  now  being 
built  to  JAN-R-26  specifications  for  RW20,  RW21,  RW22,  RW23  and  RW24 
requirements. 


Non-magnetic  mounting  brackets  extending  through  the  resistor  allow  easy  and 
economical  mounting,  aid  in  uniform  heat  distribution  along  the  entire  length  of 
the  resistor,  and  serve  as  conductors  to  transfer  internal  heat  to  the  chassis. 


FRW's  may  be  mounted  vertically  or  horizontally,  either  singly  or  "stacked." 
Although  light  in  weight,  they  hove  exceptional  mechanical  strength  and  withstand 
severe  vibration.  They  reflect  in  every  detail  IRC's  traditional  high  quality. 


for  moro  eompMo  doMIt 
wrHo  for  FRW  onginoor- 
iag  data  bvllotin,  now  in 
proparation. 


RC  PRESENTS 


WIRE  WOUND  RESISTORS 
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Helps  Check  The  Quality  of  JVIURDOCK-JI/lade  Head  Sets 


The  IT.  J.  Murdock  Company  of  Chelsea,  Massachusens, 
relies  on  a  HARVEY  Regulated  Power  Supply 
106  PA  to  determine  that  head  sets  manufactured 
by  them  for  the  Armed  Services  meet  Signal  Corps  and 
Navy  Department  Specihcatioas. 

The  HARVEY  106  PA,  teamed  with  a  wide  range 
beat  frequency  oscillator,  supplies  a  constant  D.C. 
voltage  for  an  amplifier  testing  the  output  of  Murdock 
type  Rl4  head  sets.  Input  is  three  volts.  Earphones  are 
tested  at  four  frequencies  within  the  range  of  500  to 
2500  kc.,  to  check  various  decibel  readings  within 
that  range. 


The  HARVEY  Regulated  Power  Supply  106  PA  is 
operating  successfully  with  constant  frequency  oscil* 
lators,  amplifiers,  pulse  generators,  measurement 
equipment  and  other  apparatus  requiring  a  constant 
source  of  D.C.  current.  It  operates  on  1 1 5  volts,  50-60 
cycles  A.C.,  and  has  a  D.C.  output  variable  from  be¬ 
tween  200  to  300  volts  that  is  regulated  to  within  one 
per  cent. 

If  you  need  a  constant,  thoroughly  dependable  source 
of  D.C.  power,  better  look  into  the  HARVEY  Regu¬ 
lated  Power  Supply  106  PA.  The  whole  story  is  con¬ 
tained  in  a  new  bulletin.  We'd  be  pleased  to  send  it. 


with  Faraday  that  the  charge  and 
discharge  depend  on  the  occurrence 
of  molecular  motion  in  the  insu¬ 
lator  separating  the  coatings,  there 
remains  nothing  remarkable  in  the 
fact  of  the  heating  of  the  insu¬ 
lator.” 

Up  to  1880,  a  few  experiments 
were  conducted  verifying  the  re¬ 
sults  of  von  Siemens.  From  1890  to 
1900  Tesla  performed  a  number  of 
induction  and  dielectric  heating  ex¬ 
periments  with  higher  r-f. 

The  invention  of  the  vacuum  tube 
and  its  development  during  and 
after  the  last  war  resulted  in  an 
extensive  use  of  high-frequency 
medical  diathermy  equipment  in 
the  period  of  1920  to  1936,  along 
with  some  experimental  use  of 
high-frequency  equipment  in  in¬ 
dustry.  Serious  industrial  utilisa¬ 
tion  started  along  about  1935  to 
1937.  By  1940,  Girdler  Corp.  ed- 
gineers  were  demonstrating  re¬ 
peatedly  the  use  of  high-frequency 
equipment  in  connection  with  dry¬ 
ing  of  wood  and  setting  of  glues. 
The  first  commercial  plsrwood  in¬ 
stallation  of  industrial  dielectric 
heating,  involving  two  300-kw 
units,  has  been  in  continuous  opera¬ 
tion  ever  since  its  installation  in 
1942. 

There  are  very  many  applica¬ 
tions  of  high-frequency  heating  in 
the  wood-working  industry  accord¬ 
ing  to  Mr.  Zottu.  Here,  as  in  the 
case  of  induction  heating,  careful 
consideration  molt  bt  given  to  the 
economics  of  the  problem.  Uniform 
heat  treatment  throughout  the 
work  is  one  advantage.  Drying  of 
wood  products  is  a  legitimate  ap¬ 
plication  only  where  the  reduced 
time  of  drying  is  important  or 
where  economy  of  power  is  not  an 
important  consideration,  because 
the  same  amount  of  heat  is  required 
to  dry  a  given  quantity  of  wood, 
and  electronically  generated  power 
for  heating  is  more  expensive  than 
other  types. 

The  following  questions  were 
asked  and  answered: 

Q.  Is  dielectric  heating  equipment  for  ia- 
dustrial  use  regarded  as  safe  for  ineof^ 
rienced  personnel,  and  does  the  use  of  tuoh 
equipment  increase  fire  hazards  for  insur¬ 
ance  rates!  A.  The  only  danger  of  elect^ 
eution  in  high-power  unite  comes  from  ta* 
d-c  source  of  supply  used  to  operate  tM 
oscillators.  It  is  common  practice  for  jU* 
manufacturers  of  equipment  to  provide  suit¬ 
able  safety  locks  and  interlocking  doors  •• 
that  operating  personnel  could  not  possibw 
come  in  contact  with  dangerous  circuits. 
High-frequency  energy  used  in  heat  treat- 


Changers  for  Induction  Heating,”  with  the  load  on  the  generator,  the 
describing  a  new  method  of  provid-  frequency  of  the  frequency  changer 
ing  high  power  and  high  efficiency  varies  likewise, 
at  frequencies  in  the  range  of  about 
600  to  8000  cycles  per  second.  The 
method  developed  by  Allis-Chal- 
mers  is  still  quite  new  so  that  field 
experience  is  based  on  the  installa¬ 
tion  of  only  a  few  units  whose 
power  outputs  have  been  in  the 
range  from  200  to  300  kw.  Effi¬ 
ciencies  of  90  percent  or  more  may 
be  obtained  with  this  unit  for  loads 


Dielectric  Heating  of  Plywood 

Paul  D.  Zottu  of  The  Girdler 
Corp.,  spoke  on  “Application  of 
Dielectric  Heating  to  Wood  Prod¬ 
ucts.”  In  tracing  the  history  of 
this  technique,  Mr.  Zottu  pointed 
out  that  a  paper  delivered  by  von 
Siemens  in  1864  before  the  Acad¬ 
emy  of  Science  in  Berlin  antici- 


I4^r/c  under 
treatment 


Frequency 

deterrrimed- 

byLC 


lehmotie  dlofm  lUaatrotlne  prisdpto  d  AlUg-CholmMi  Badtien  lr«qiiMiqr  dian«*r 
lav  dMlroiilc  inductten  haotine.  It  multtplies  tha  powar-Uaa  fraquancy  to  ony  dasirad 
Tadua  in  tha  ronga  from  about  SOO  to  3000  cps 


which  are  50  percent  or  more  of 
the  rated  capacity  of  the  unit. 

Fundamentally  the  mercury  arc 
frequency  changer  for  induction 
heating  consists  of  a  bank  of  Ex¬ 
citron  rectifiers  supplied  from  a 
60-cycle  power  source,  a  means  for 
providing  power  transfer  from  the 
rectifier  circuits  to  the  load  circuit, 
a  means  for  toning  the  load  circuit 
to  frequencies  in  the  range  of  from 
about  500  to  3000  cycles,  and  an 
electronic  firing  and  control  mech¬ 
anism  operating  on  the  grids  of  the 
Excitrons  to  multiply  the  fre¬ 
quency.  The  frequency  changing  is 
accomplished  by  operating  on  the 
grids  of  the  Excitrons  at  a  rate  de¬ 
pendent  on  the  LG  constants  of  the 
work  circuits.  Since  these  vary 


pated  dielectric  heating  in  the  fol¬ 
lowing  paragraphs : 

“As  it  appeared  probable  to  me 
that  the  glass  wall  of  the  Leyden 
jar  must  be  heated  by  its  charge 
and  discharge,  I  have  arranged  an 
apparatus,  by  which  very  slight 
heatings  can  be  observed  with  cer¬ 
tainty.  The  result  of  the  experi¬ 
ments  made  with  it  fully  corre¬ 
sponded  with  my  anticipations. 

The  heating  observed  cannot 
arise  through  conduction  of  the 
mass  of  the  glass,  nor  through  its 
compression  by  the  attraction  of 
the  coatings,  nor  lastly,  through 
the  penetration  of  electricity  into 
the  mass  of  glass  lying  next  to  the 
coatings. 

If,  on  the  other  hand,  we  assume 
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more  each  month 


3  Standard  Fastenings 
for  Production  EffidencY 


Jki 


1  Phillips  R«e«as«d  Hsad 
Scrsws— The  modem,  ef> 
fective,  time>MYing  fastening 
device  proven  in  tens  of  thou¬ 
sands  of  assembly  lines.  Other 
standard  head  styles  are  also 
available. 


2  Self-Tapping  Machine 
Sere ws  •— Eliminate  sep¬ 
arate  tapping  operations  for 
fastenings  to  castings,  heavy 
gauge  sheet  metal,  and  plas¬ 
tics.  _Also  available  with 
Phillips  Recessed  Head. 

3  Washer-Screw  Assem¬ 
blies — When  use  of  lock 
washers  is  indicated,  the  time¬ 
saving  of  pre- assemblies  is 
obvious.  Also  available  in 
standard  slotted  head  styles. 


'Cold-forging'*  ^proof  #29 


The  degree  of  perfection  you  will  obtain  on  that  vital  fast 
assembly  job  may  very  well  depend  on  the  fastenings 
chosen  for  your  product.  That's  why  it  is  important  to 
play  safe  by  making  your  precise  choice  early  in  the 
design  stage.  Remember— no  assembled  product  can  be 
better  them  its  fastenings. 

Whether  your  need  be  a  featured  standeud  fastening  or 
a  part  especially  designed  to  meet  your  specific  require¬ 
ments— Scovill  can  help  you.  Oxir  broad  experience  in 
fastenings  and  our  demonstrated  ability  in  special  design 
make  Scovill  your  logiced  choice. 

The  special  purpose  item  featured  above  (in  interme¬ 
diate  and  finished  stages)  is  one  of  many  examples  of  our 
ingenuity  in  special  design  and  cold-forging.  Our  special 
processing  of  this  part,  too,  meant  substantial  savings  in 
money— materials — motions. 

Call  our  Fastenings  Expert  to  help  you  choose— profit 
by  Scovill  skill  in  design  and  cold-forging.  Call  today. 


Choose  the  Right  Fastenings- 

PLAN  THEM  EARLY 

In  the  Product  Design  Stage 


Scovill  Manufacturing  Company 
Waterville  p„®oducts  Division 

WATERVILLE  48,  CONN.  TEL.  Waterbury  3-3151 


*WYORK,Clnrsltr  BiNhi  .  DETROIT,  714  FMnr  BiMi«  .  CMCADD,  135  Snrth  LaSaili  Stmt  .  fmiU1EU>MA  It  W.  Clnim  Aiim  RriMiV 
WnSBURGH,  2112  W.  Ukirtr  An.  •  SYRACUSE,  Syraom-  Krapw  Iraraict  Mtff.  •  LOS  ANSaES,  2127  1  Sm  St .  SAN  FRAWCISCO,  434  Irnnni  tt 


fUCTAONICS- A4ar«A  i94i 


153 


«'»••***  *r^** 


,n*'^  ,n>»'®'^ 

•<* 


1.  • 
*<*• 


*-  '*  C- ‘'‘’“^C^"’”'* 


-  \o'»®*^  -  \iO^ 


itts®’^ 


-•aMIlSf**® 


rtWi"®* 


ment  can  produce  burns  if  tbe  operatof 
comes  in  contact  with  tbe  electrodes,  but 
this  would  not  produce  sbock.  Commercial 
dieelectrlc  heating  equipment  is  generall; 
provided  with  safety  guards  which  cover  the 
electrodes  during  operation  of  tbe  machine. 

It  was  also  disclosed  that  the  only  physio¬ 
logical  effect  of  exposure  to  the  electric 
field  is  a  slight  rise  in  temperature,  but  the 
operator  is  not  ordinarily  in  a  sufficiently 
intense  field  to  be  affected.  Dielectric  heat¬ 
ing  equipment  is  as  safe  as  a  properly 
protected  punch  press  or  any  other  piece  of 
industrial  equipment. 

Arcing  sometimes  occurs  between  the  elec¬ 
trodes  of  dielectric  beating  /units,  and  for 
this  reason  dielectric  heating  units  should 
not  be  operated  In  areas  subject  to  explosive 
and  volatile  vapors.  / 

Q.  I»  it  practical  to  use  one  centralized 
generating  eyetem  to  f/eed  a  number  of  out- 
lete  distributed  throughout  the  plant?  A. 
Yes,  provided  all  of/the  loads  are  identical 
and  do  not  have  to  be  heated  simultane¬ 
ously.  The  output,  of  the  generator  is  fed  to 
one  load  at  a  ttoe,  in  aequence.  finch  cen¬ 
tralised  operation  does  not  appear  to  be 
feasible  for  16ads  which  are  operated  in 
parallel  indiscriminately,  since  each  addi¬ 
tional  incr^se  in  load  would  reduce  the 
available  vdltMo  nnd  thereby  alter  the  tlnw 
required  for  suU^ble  beat  treatment.  Opera- 
'  tors  cannat  he.^tpected  to  compensate  for 
such  frequent  and  unpredictable  varlatloni 
in  loads. 

Q.  What  are  the  possible  wses  of  dieleetrie 
heating  in  the  food  Muetryt  jL  Milk  has 
been  successfully  pasteurls^.  Sterilisation 
of  bottles  is  not  regarded  as  a  good  appli¬ 
cation,  however,  because  the  heat  geuerated 
by  tbe  dielectric  heating  equipment  does  not 
produce  a  sufficiently  high  temperature  to 
kill  all  of  the  bacteria. 

More  promising  applications  are  process¬ 
ing  wheat  and  cereals  and  killing  germs  is 
fresh  cereaL  The  slight  Increase  in  cost  is 
an  objection  in  the  processing  of  cereate. 
but  sterilising  of  packaged  products  appears 
to  be  economical.  Psychological  and  advertis¬ 
ing  advantages  of  sterilisation  should  more 
than  offset  any  slight  Increases  in  processiag 
cost. 

Q.  le  dielectric  heating  well  euited  to  the 
drying  of  dielectric  produetet  A.  Although 
technically  this  application  is  endrely  feasl 
ble,  economical  aspects  are  unfavorable  ex 
cept  where  factors  like  uniform  heating  or 
fast  dehydration  are  important.  One  mans 
facturer  reports  considerable  success  in  dry 
ing  skeins  of  rayon,  a  high-value  product 
that  can  absorb  the  slight  increase  in  cost 
because  processing  time  is  reduced  by  dl 
electric  heating.  Power  cost  per  Btu  is  at 
least  twice  as  much  for  high-frequency  heat 
ing  as  for  60  cycle  heating,  and  much  more 
than  for  steam  heating. 

Q.  Does  variable  density  in  certain  see 
iions  of  a  plywood  press  cause  uneven  heat 
ing?  A.  Theoretically,  yes,  but  In  practice 
no  such  effect  has  been  observed.  Tbe  loaa 
factor  of  the  material  is  much  more  im 
pprtant  than  tbe  density. 

Q.  Is  the  temperature  of  the  plates  of  a 
dielectric  heating  unit  uniform?  A.  The 
plates  do  not  show  any  temperature  rise  of 
themselves  except  what  is  caused  by  con 
duction  or  radiation  from  the  mass  of  mate¬ 
rial  undergoing  heat  treatment  between  tbe 
plates. 

Q.  What  is  the  cost  of  operating  dielectric 
heating  units?  A.  The  cost  depends  upon 
the  cost  of  electric  power.  Dielectric  heat 
ing  units  operate  at  approximately  60  per¬ 
cent  efficiency,  which  gives  some  indication 
of  the  power  requirement  for  a  specified 
output.  Small-size  units  are  relatively  higher 
in  initial  cost.  For  units  up  to  about  3  k« 
rating,  the  equipment  cost  is  approximately 
$1,200  per  kw.  One  1%-kw  unit  has  a  price 
of  $2,100,  while  a  200-kw  unit  has  been 
sold  for  $60,000. 


Accelerated  Transfer  of  Heat 

Stanley  Schneider  of  Westing- 
house  Electric  A  Mfg.  Co.  pointed 
out  that  with  dielectric  heating 
can  increase  the  rate  of  heat  trans¬ 
fer  from  about  6  Btu  per  minute 
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jHiA-  mau  o-e  uauA.  new- 

ELECTRICAL  EXPERIMENTAL 
LABORATORY 


Electrical  Assemblies  —  Hydraulic  Fittings 
Conduit  Fittings  —  Junction  Boxes 


per  square  inch  for  older  methods 
of  convection  and  conduction  to 
100  or  even  more  Btu  per  minute 
per  square  inch  of  material.  Among 
the  applications  of  dielectric  heat¬ 
ing  utilizing  this  important  factor 
are  drying  of  yarn,  ropes,  curing 
of  agricultural  products  such  as  to¬ 
bacco,  and  heating  of  preforms  in 
plastics  to  make  possible  the  utili¬ 
zation  of  smaller  presses  and  at  the 
same  time  provide  a  better  product 
because  of  the  uniform  heat  treat¬ 
ment.  • 


Electrovic  Cooking  Po88ihilitie$ 


A  paper,  “Use  of  Dielectric  Heat¬ 
ing  For  Sterilization,  Pasteuriaa- 
ation.  Cooking  and  Enzyme  Con¬ 
trol  in  Foods  and  Drugs"  was  giva 
by  Wiley  Wenger,  Radio  Corpora¬ 
tion  of  America.  Mr.  Wenger 
pointed  out  that  60-K;ycle  power  had 
originally  been  used  for  the  cook¬ 
ing  of  hot  dogs  more  than  a  decade 
ago  but  that  bursting  due  to  gener¬ 
ation  of  steam  and  electrolysis  from 
contacts  which  became  contamin¬ 
ated  were  not  favorable  to  the  proc¬ 
ess.  Undesirable  effects  of  electroly¬ 
sis  could  be  made  negligible  by  go- 
ftig  up  to  50  kc  in  frequency.  It  ii 
generally  inadvisable  to  attempt  to 
heat  non-homogeneous  materials; 
for  food  products,  particles  not 
larger  than  about  i  inch  in  diam¬ 
eter  might  be  regarded  as  being 
reasonably  homogeneous.  Thus,  ra¬ 
dio  frequency  heating  may  be  suc¬ 
cessfully  applied  to  ground  meat 
but  might  not  be  successful  for 
heat  treatment  of  solid  meat  such 
as  ham,  chicken,  steak,  nor  would 
it  be  particularly  well  adapted  to 
the  processing  of  meat  having  bone 
and  both  lean  and  fat  portions. 

Q,  What  is  the  method  in  meaturing  it*' 
perature  in  food  proceated  hy  electroa^ 
he.atingt  A.  Liquid  thermometers  are  to* 
HliigRinh  in  operation  and  may  be  of  ap¬ 
preciable  size  compared  to  the  sample  under 
test.  Reasonably  satisfactory  reeulta  b*r* 
been  obtained  l>y  using  small  thermoconph* 
so  placed  in  the  electric  field  as  to  be  per- 
(lendiciibir  to  the  electric  field  so  that  tt* 
beat  generated  in  the  thermocouple  ItseK  j* 
a  minimum.  The  leads  for  the  thermoconph 
should  not  be  longer  than  1  inch  If  thla  b 
at  all  feasible.  Daring  heating,  the  ther**- 
couples  are  disconnected,  and  relaya 
used  to  make  connections  Immediately  altar 
r-f  power  is  cut  off.  . 

Q.  It  it  pottible  to  hill  hacteria  in  ti^ 
withoMt  affecting  the  itarch  particle* 
telvetf  A.  Bxperimental  results  to  da* 
have  not  been  undertaken  on  a  sulMw 
scale  to  make  a  posidre  statement. 
sired  lirlng  objects  must  have  snffla** 
mass  to  almrb  power  to  raise  their  baw 
temperature  beyond  that  which  will  auataB 
ijfe.  For  this  reason  the  process  appear*  * 
be  more  suitable  for  the  killing  of  iBa**" 
than  for  the  killing  of  bacteria. 

Q.  Will  a  tingle  treatment  of 


The  laboratory  showa  is  part  of  the  unique  Union- 
air  setup  that  is  at  present  turning  out  Electrical 
Assemblies  for  the  war  effort.  It  develops  and  tests 
new  devices  and  methods  connected  with  Electrical 
Equipment. 

When  the  time  comes  that  we  can  put  to  commercial 
use  the  results  of  the  concentrated  research  and  de¬ 
velopment  of  the  war  years  in  Electrical  Assemblies, 
this  laboratory  may  be  yours. 

It  will  be  part  of  the  Unionair  service  in  making  Elec¬ 
trical  Assemblies  to  Customers*  Specifications. 

Our  new  booklet  titled,  "Electrical  Assemblies  made 
to  Customers’  Specifications”  is  available  on  request. 
Write  to:  Union  Aircraft  Products  Corp.,  Dept.  E, 
245  East  23rd  Street,  New  York  10,  N.  Y. 
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GAINS  WHEN  NEW  IWnHOD  AIDS  MOLDING 


Chicago  Die  Mold  Company’s  first  RCA  electronic  gen¬ 
erator  was  installed  many  months  ago  to  break  a  bottle¬ 
neck  in  the  production  of  a  highly  important  molded 
piece  for  the  armed  forces.  Output  from  the  molding 
press  was  immediately  stepped  up  from  18  shots  per 
hour  to  32 !  Here  are  the  details : 


THE  PART:  See  photo,  lower  right. 

MATERIAl:  Bsikelite  XM-15000  (very  hard;  medium-high  im¬ 
pact  resistance). 

MOLDS:  A  16-cavity  mold.  Washer-shaped  preforms  were 
placed  in  the  cavities  flatwise. 

PREHEATING:  Previously,  preforms  were  heated  in  an  electric 
oven. 


PROBLEMS:  The  high-impact  material  tended  to  damage  the 
hobbed  cavities  badly.  A  number  of  sunk  cavities  resulted 
from  attempts  to  mold  this  part.  Rejects  were  high.  All  these 
things  put  production  behind  schedule. 


SOLUTION:  One  RCA,  2()00-watt,  electronic  preheating  \inlt 
was  installed.  Applicator  was  arranged  to  heat  16  preforms 
simultaneously.  As  mentioned  above,  production  was  greatly 
Increased.  Rejects  were  substantially  reduced. 


ouirarArcHKAuonE  MOipaANT 


CASE  HISTORIES  SHOW  BIG  PRODUCTION 


UDITIONAL  UNITS  INSTALLED:  The  success  of  this  first  installa¬ 
tion  led  to  the  purchase  of  seven  additional  units — the  most 
recent  being  two  RCA  Model  2B  generators  especially  designed 
for  the  plastics  industry.  According  to  Mr.  E.  A.  Petersen,  Presi¬ 
dent  of  Chicago  Die  Mold,  “we  long  ago  ceased  thinking  of 
electronic  preheating  as  ‘experimental’  and  are  using  it  exten¬ 
sively  in  a  wide  variety  of  molding  work.  The  results  obtained 
more  than  justify  the  cost  of  the  equipment.” 

WHAT  IS  YOUR  PROBLEM?  If  quick,  uniform  preheating  and  the 
resulting  ideal  plasticity  can  help  you,  or  if  you  see  other  possible 
benefits  to  you,  be  stire  to  get  in  touch  with  us.  Our  engineers  have 
had  wide  experience  in  the  application  of  electronic  heating  to 
Idastics;  our  plastlcs-moldlng  operations  in  our  own  plant  serve 
ss  an  excellent  “proving  ground”  for  RCA  equipment.  Address 
inquiries  to:  RCA,  Electronic  Apparatus  Section,  Box  70-190H, 
Camden,  N.  J. 

RCA  ELECTRONIC  HEAT 


View  of  latMt  RCA  2B  units  In  plant  of  Chicapo  Dio  AAoU  Co.,  melding  covor 
ploto  of  BM-021.  RCA  oloctronic  prohooting  unit  bosido  pross  prohoots 
comploto  chorg#  (2  proforms  weighing  204  grams)  in  30  sosondt. 

Electronic  preheating  stepped  output  from  23  to  33  pisrtos  por  hour,  ood 
reduced  rejects  to  less  than  10%. 


dNote  thick  sections  in  this 
microphone  cose  which  is 
suecessfully  molded  with  RCA 
electronic  preheoting.  AAote- 
riol:  BM-3510.  Charge: 
pound  for  2  cavities.  Pre¬ 
heating  time:  22  soconds. 
Cure  time:  2  minutes. 

Production  on  this  piece  wos^ 


increased  from  18  to  32  shots 


per  hour  (16  pieces  per  shot) 


by  electronic  heating.  See 


text  for  details. 


SEND  FOR  THESE  BULLETINS 


RCA,  Eloctrenic  Apparatus  Sect.,  Box  70-190H,  Camden,  N.  J. 

ease  send  me  “EHectronic  Heating  Speeds  Plastics  Molding” 
and  “RCA  Electronic  Power  Generator,  Model  2B.” 
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OF  AMERICA 


ADDRESS  . . . 


ZONE .  STATE.. 


^RONICS  — MoreA  1HS 


ISS 


MURDOCK 

RADIO 

PHONES 


A  soldier  writes,  “You  don't  hove  to  'sell'  ME  on  your  radio 
phones.  They  were  a  favorite  of  mine  before  the  war  . . .  and 
today  I  find  they’re  even  better  than  beforel  When  I  come 
bade  to  the  States,  I’ll  be  sure  to  ask  for  my  old  stand-bys, 
- MURDOCK  RADIO  PHONES.” 


CHtCiC  7H€Se 
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1  CUSHIONED  COMFORT 

2  CLEAR-TONE  RECEP¬ 
TION 

3  SOLIDLY  BUILT  —  No 
looso  ports 

4  TWO-WAY  HEADBAND 
ADJUSTMENT 

5  CONCEALED 
TERMINALS 

6  STAINLESS  STEEL  hood- 
bond  covorod 
withgonuino 
leather 

7  LIGHTWEIGHT 

Write  for  \  / /  j 

Cat€^og  \  /  1  . 


Yes,  more  and  more  servicemen 
will  call  for  MURDOCK  when  they 
return  to  civilian  life  and  em¬ 
ployment.  We’re  looking  ahead 
. . .  using  our  greater  “know  how” 
learned  from  wartime  production 
methods  to  keep  giving  you’  the 
keenest  ears  in  Radio. 

SUB-CONTRACTS  INVITED 

Though  busy  on  war  work,  we  have 
some  facilities  available  to  give 
you  quick  and  efficient  asustance 
for  making  more  Radio  Phones  and 
rdated  parts  on  a  sub-contract 
\  basis.  Write  us  now. 


WM.  I.  MURDOCK  CO. 

178  Carter  St.,  Chelsea  50,  Mass. 


in  grain?  A.  Yes.  It  is  possible  to  kill  all 
stages  of  insect  life  with  temperatures  be¬ 
tween  135  deg  and  140  deg.  No  caking  or 
redistribution  of  moisture  has  been  observed. 

Q.  Are  mold  conditiont  created  bp  the 
diatribution  of  moiature  when  packagei 
producta  are  aubjected  to  dielectric  heatingt 
A.  No,  so  far  as  is  known. 

Q.  Are  mold  aporea  killed  by  the  appUoa 
tion  of  radio-frequency  energy?  A.  Usuallj 
they  are  not,  because  they  are  much  harder 
to  kill  than  insects. 

Q.  Can  paper  to  be  uaed  for  packaging 
food  be  aterilized?  A.  Yes.  The  temperature 
of  the  paper  can  be  raised  beyond  the 
scorching  point  for  a  few  seconds  without 
actually  damaging  the*  paper.  It  is  believed 
that  such  a  temperature  rise  would  produce 
sterilization. 

Q.  la  it  poaaible  to  uae  dielectric  heating 
to  replace  the  cumberaome  ateam-heating 
note  required  in  government  apeciftcatiom 
for  the  aterilization  of  cotton  and  bandagetf 
A.  It  is  possible  to  raise  the  temperature  of 
bulk  cotton  to  300  or  330  deg  F  in  ten 
minutes  or  less,  and  this  would  appear  to  be 
satisfactory  for  purposes  of  sterllizatlou. 
Adequate  experimental  evidence  would  be 
required  to  get  government  specifications  re¬ 
vised.  With  packaged  cotton  products,  how¬ 
ever,  the  paper  would  heat  more  rapidl]! 
and  to  higher  temperature  than  the  cotton 
and  consequently  might  char  before  the 
cotton  was  completely  sterilized. 

Q.  Can  macaroni  be  dried  aa  it  cornea  from 
the  extruaion  tube?  A.  Considerable  power 
would  probably  be  required,  and  conse¬ 
quently  such  an  application  may  not  be 
Justified  on  economic  principles.  The  rate  it 
which  heat  is  applied  must  be  sufficient  to 
produce  satisfactory  drawing,  but  it  must 
not  be  carried  to  the  point  where  steam  is 
generated  since  this  would  crack  open  the 
macaroni. 

Rotating  Equipment  for  Induction 
Heating 

Dr.  Harry  B.  Osborn,  Jr.  of  the 
Ohio  Crankshaft  Go.  emphasized 
that  the  temperature  rise  in  in¬ 
duction  heating  is  produced  by 
power  induced  into  the  work  circuit 
or  secondary  instead  of  directly  by 


Orifices  for  pressure  spraying 
of  heated  surfyee  . 

Quench 
'medium  mkt 


Inductor  to 
wfup  I  I 
magnetK),  \ 
fieB  at 
desired  \ 
area  _ 


^rea  inductively  heated  by 
hysteresis  and  eddy  currents 


\ 

\  surface 
hardened 


Schemotic  dioqrom  of  cm  inductor  tun 
<md  inteqrol  qnonch  for  hordoninq  o 
cylindricol  section 

conduction  as  in  electrical  heating. 
The  three  chief  sources  of  hi^ 
frequency  current  for  induction 
heating  are  (1)  Rotating  equip¬ 
ment  (motor  generators)  with  fr*" 
quencies  of  1,000  t6  10,000  cycle* 
and  ratings  up  to  1,000  kw,  (2) 
Spark  oscillator  equipment  generat¬ 
ing  frequencies  in  the  range  of 
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r  i  r r  I  mean  light  and 
to  the  deep  sea  diver— 
CTficIcn^  ’depends  on  water- 
They  typify  the  cx- 
PBFjuwmg. service  for  which  Vinylite  plastic 
&6tc'^nsulation  is  exceptionally 
^||PPKlBll6ited.  It  retains  its  excellent  elec- 

Khafacteristics  though  immersed  in 
fresh  water  during  long  periods. 

its  high  water  resistance,  Vinylite 
insulation  gives  the  electrical  field 
vantages  of  unusual  resistance  to 
rease,  alkalies,  chemical  fumes, 
aorasion,  and  the  deteriorating  action  of 
air  and  sunlight.  It  remains  flexible  at 
Hr  low  tem|)eratiires.  It  can  lie  made  in  a 
wide  variety  of  colors.  Certain  typ«  are 
nun-flammahle,  others  are  slow-ljurning. 
Their  thin-wall  construction  and  high 
dielectric  strength  permit  a  greater  num- 
f  Iter  of  circuits  in  existing  conduits. 


use,  it  will  bring  new  fflf»Ml|q||g|^d 
service  life  wherever  ks  water  resistance 
or  other  properties  are  needed  by  pultlic 
utilities,  industrial  and  construction  cun* 
cents,  and  marine,  automotive,  and  air* 
craft  manufacturers.  Booklet  VR  de* 
scribes  Vinylite  resin  compounds  for 
wire  and  cable  insulation  and  shows  their 
advantages  for  specific  uses.  Write  De¬ 
partment  18  for  your  copy. 


BAKKLITE  CORFORA  l  lO.N 
Unit  of 

Union  Carbide  and  Carbon  Corporaliun 


30  East  42nd  Street,  New  York.  17,  N.V. 
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100  to  200  kc,  with  ratings  up  to 
about  30  kw,  and  (3)  Vacuum-tube 
oscillators  generating  frequencies 
usually  around  500  kc,  with  ratings 
up  to  60  kw  and  higher. 

With  rotating  equipment,  the 
cost  per  kw  decreases  as  the  output 
of  the  motor-generator  is  increased. 
In  induction  hardening  it  is  neces¬ 
sary  to  heat  the  piece  fast  enough 
to  prevent  too  rapid  conduction  of 
heat,  but  it  is  not  practical  to  use  a 


By  mcona  of  induction  heating,  gun 
borrele  are  made  from  eeamless  itael 
tubing.  At  Timken  Ordnonce  plont, 
Tocco  equipment  heats  the  gun  breech, 
which  is  then  upset  to  sixe.  In  ths 
conventional  method,  the  longer  borrsl 
is  machined  or  forged  down 


yrntnecUate 


C^*OU  get  the  very  type  of  units  you  re- 
c/  quire  ...  in  the  shortest  time  possible 
.  .  .  from  Allied.  All  the  well-known 
makes  such  as  OHMITE,  MALLORY, 
IRC,  CENTRALAB,  and  SPRAGUE  are 
concentrated  here  under  one  roof.  In  stock 
are  fixed,  adjustable,  precision  resistors 
—rheostats— potentiometers— volume 
controls— for  all  kinds  of  applications. 
This  complete,  centralized  service  sim¬ 
plifies  and  speeds  procurement  for  in- 
dustry,  government  and 
laboratories.  You  save 
hours,  days  and  effort. 

Thousands  Call  ALLIED  First 
HpHMiiiHH  Write,  Wire  or  Phone 
HAYmarket  6800 


EVERYTHING  IN 
ELECTRONICS  R  RADIO 

It’s  faster,  simpler  to 
get  all  your  electronic 
and  radio  supplies  from 
this  one  central  source. 
We  carry  the  largest 
and  most  complete 
stocks  of  parts  and 
equipment  under  one 
roof  .  .  .  ready  for  im¬ 
mediate  shipment. 

Our  close  contact 
with  all  leading  man¬ 
ufacturers  aids  pro¬ 
curement.  Engineering 
service  is  available. 


ALLIED  RADIO 

CORPORATION 

833  W.  Jackson  Blvd.  Dept.  24-C-5  Chicago  7,  Illinois 

SUPeUERS  OF  ELECTRONIC  FARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
Elwtronic  Tubes,  Rectifiers,  Power  Supplies,  intercommunicating  Systems,  Sound  Systems,  PtMto-CeH  Equip- 
ment.  Batteries,  Chargers,  Converters,  Generators,  Supplies  for  Resistance  Welders,  Fuses,  Test  Instrumenu, 
Meters,  Broadcast  Station  Equipmant,  Relays,  Condensers,  Capadtors,  Resistors,  Rheostats,  Transformers, 
Switches,  Coaxial  Cable,  Wire,  Soldering  Irons,  Microphones,  Simakers,  Techniul  Books,  ate. 


heating  time  less  than  about  1  sec¬ 
ond  duration.  Between  5  and  15 
kw  of  power  are  required  for  each 
square  inch  of  surface  for  shallow 
depth  of  hardening.  On  the  basis  of 
this  calculation  a  50-kw  generator 
can  surface-harden  only  about  10 
square  inches  o|  metal  at  one  time. 

Melting 

Frank  T.  Chestnut  of  the  Ajax 
Electrothermic  Corp.  spoke  on 
“Melting  and  Heat  Treating  d 
Large  Masses  of^lifetal."  This  talk 
was  devoted  almost  exclusively  to 
the  development  and  application  of 
rotating  equipment  for  induction 
heating.  ^ 

Forging 

Harold  A.  Strickland  of  the  Budd 
Wheel  Co.,  speaking  on  “Forging 
of  Metals,”  pointed  out  that  the  ap¬ 
plication  of  induction  heating  to 
forging  is  not  new,  but  techni^ 
improvements  and  lowered  equip- 
Qient  prices  have  brought  su^ 
equipment  into  general  use  within 
the  past  five  years.  With  induction 
heating  no  appreciable  scale  i» 
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and  Sickles  **SubmiL 


They  are  hermetically-sealed  with  wide  soldered  joints  in  sturdy  deep- 
drawn  zinc  “hulls.”  They  are  equipped  with  fused  metal-to-glass 
bushings.  All  adjustments  are  under  rugged  “hatches”  that  are  sealed 
with  Neoprene  gaskets. 

Permanent  efficiency  is  sealed  IN  — 
harmful  elements  are  sealed  OUT 

Flexibility  is  practically  unlimited.  Tell  us  your  needs,  give  us  plenty 
of  room  and  we  can  produce  a  “Submersible”  R.  F.  Component  that 
once  installed  can  be  forgotten. 

For  best  in  circuit  components,  specify  Sickles. 


THE  F.  W.  SICKLES  COMPANY 


CHICOPEE,  MASSACHUSEHS 


I 
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HARDWICK,  HINDLE  PRODUCTS 
ARE  SUBJECT  TO 
HIGH  PRIORITY  RATINGS 


formed  on  the  surface,  whereas  in 
gas  furnaces  4  percent  of  the  mate¬ 
rial  is  scale  and  in  oil-fired  furnaces 
about  6  percent  of  the  total  mass  is 
scale.  Elimination  of  scale  saves 
materials,  eliminates  scale-remov¬ 
ing  operations,  and  extends  the  life 
of  dies. 

Production  of  a  high  tempera¬ 
ture  for  heat-treating  in  a  short 
time  is  particularly  advantageous 
for  short  runs  or  experimental  work 
where  it  may  not  be  economical  to 
fire  a  furnace.  The  space  require¬ 
ments  for  induction  heating  are  ap¬ 
proximately  a  third  of  that  re¬ 
quired  for  conventional  forging 
furnaces,  and  the  cleanliness  of  in¬ 
duction  heating  units  is  an  im¬ 
portant,  if  indirect,  factor  in  pro¬ 
moting  its  use.  Both  temperature 
and  heat  pattern  can  be  duplicated 
with  a  high  degree  of  precision  that 
is  difficult  to  obtain  in  furnaces. 
By  suitable  coil  design  it  is  possible 
to  get  a  sharp  change  in  tempera¬ 
ture  with  radio-frequency  heating, 
and  this  also  is  impossible  with  fur¬ 
nace  firing. 


Q.  Why  hag  not  rotating  generating  equip¬ 
ment  been  applied  to  the  heating  of  non- 
ferrous  metals  t  A.  Brass  has  been  melted 
by  this  process  since  1926.  Stiver  has  been 
melted  since  1921.  Gold  and  other  precious 
metals  used  by  various  government  mints  use 
this  method  of  melting  metals.  The  process 
is  particularly  suitable  for  these  applica¬ 
tions  because  it  introduces  no  contamination 
and  is  much  cleaner  than  other  methods  of 
melting  metals.  Zinc  and  lead  have  melting 
points  which  are  too  low  to  make  the  proc¬ 
ess  economically  feasible,  but  recent  work 
shows  promise  for  the  melting  of  mag¬ 
nesium. 

Q.  Is  it  possible  to  heat  uniformly,  to  tem- 
peratures  of  1200  to  1300  deg  F,  strap  steel 
0.0015  to  0.0025-inch  thick  and  8  inches 
wide  when  the  steel  is  traveling  at  800  feet 
per  minute  t  A.  While  such  a  method  is  dis¬ 
tinctly  possible,  it  does  not  appear  to  have 
sufficient  commercial  advantages.  The  proc¬ 
ess  required  is  similar  to  that  developed  bj 
Westinghouse  for  flowing  tin  on  steel  strips. 

Q.  Why  are  some  units  built  in  wood 
cabinets,  while  others  use  metal  T  A.  Be¬ 
cause  greater  efficiency,  greater  flexibility, 
and  lower  cost  can  often  be  acliieved  with 
wood  housings. 

Q.  What  are  the  relgtive  merits  of  spark 
and  tube  equipment!  A.  With  the  present 
designs,  greater  power  output  can  be  ob¬ 
tained  from  tube  equipment.  The  efficiency 
in  both  cases  is  approximately  the  same. 
The  spark  equipment  appears  to  have  some 
advantages  in  flexibility,  ruggedness,  econ¬ 
omy  of  initial  cost  and  low  maintenance. 


Like  many  other  fine  products,  they 
are  subject  also  to  first  call  by  Uncle 
Sam. 

We  are  proud  of  the  service  they  are 
performing  in  so  many  defense  jobs. 


Electronic  Heating  Laboratory 

W.  M.  Well  of  the  Commonwealth 
Edison  Co.,  talking  on  “Function  of 
the  Electric  Utility  in-  High  Fre¬ 
quency  Heating,”  described  num¬ 
erous  ways  in  which  a  public  utility 
could  help  customers  apply  high- 
frequency  heating.  Commonwealth 
Edison  has  maintained  a  laboratory 
for  many  years,  and  last  year  ran 
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The  question  faced  by  every  user  of  electrical 
wire  and  cable  is:  What  is  the  speci&c  job,  what 
are  the  special  qualities  needed?  The  answer  can 
be  readily  found  at  AutO'Lite. 

Auto-Lite  engineers  will  be  glad  to  help  you  deter¬ 
mine  just  what  size,  type  and  shape  of  wire  you 
need,  what  material  to  use  and  what  Insulation. 


Auto-Llte  research  has  anticipated  the  problem, 
has  engineered  the  solution.  The  manufacturing 
facilities  in  the  big  Auto-Lite  plant  are  diverse 
enough  to  furnish  the  kind  and  quantity  of  elec¬ 
trical  wire  and  cable  you  need.  Address  your  In¬ 
quiries  to 

THE  ELEaRIC  AUTO-LITE  COMPANY 

SARMA,  OHT.  W/re  mti  CabI*  DIvltlon  PORT  HURON,  MICH. 


TUNE  IN  “EVERYTHING  FOR  THE  iOYS"  STARRING  DICK  HAYMES  — EVERY  TUESDAY  NIGHT— NSC  NETWORK 
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approximately  200  tests  with  their 
electronic  heating  unit  for  custom* 
ers  desiring  to  investigate  applica¬ 
tions  to  their  particular  problems. 
Customers  appear  more  willing  to 
discuss  their  problems  with  a  pub¬ 
lic  utility  than  with  manufacturers, 
because  of ,  the  absence  of  direct 
sales  pressure. 

Unusual  Applications 

Speaking  on  “Uncommon  Fields 
of  Application  of  High  Frequency,” 
Edwin  D.  Tillson  of  the  Common¬ 
wealth  Edison  Co.  outlined  some  of 
the  problems  investigated  by  their 
laboratory  during  the  past  year. 
One  manufacturer  brought  in  small 
armatures  which  were  to  be  pre¬ 
heated  before  enameling  and  subse¬ 
quent  baking  of  the  enamel.  In 
another  instance,  heating  and 
quenching  of  permanent  magnets 
were  investigated.  A  method  was 
developed  for  fixing  the  head  to  the 
shaft  of  a  golf  club.  Drying  of  paint 
on  tubes  of  tooth  paste,  folding  and 
fastening  of  the  ends  of  toothpaste 
tubes,  bluing  of  band  straps  for 
wooden  cases,  melting  of  polysty¬ 
rene  patterns  from  molds,  curing  of 
cores  and  molds,  melting  of  thorium 
oxide,  forming  of  cork  inserts  in 
leather  sport  shoes,  polymerization 
of  binding  resins  and  plastic  molds 
for  artificial  teeth,  preheating 
brake  lining  for  automobiles,  cur¬ 
ing  neoprene  shoe  soles,  drying 
nylon,  killing  insects  in  mechanics 
soap,  sterilizing  ampoules,  cases 
hardening  of  sheep  gut  for  surgical 
operations  and  preheating  of  pea¬ 
nuts  in  the  manufacture  of  peanut 
brittle  were  also  subjects  for  in¬ 
vestigation. 

Q.  Has  any  roughening  oj  the  surface  of 
metals  or  non-conductors  during  electronic 
heating  been  observed  t  A.  Ordinarily  bo 
such  action  takes  place.  It  is  possible  to 
harden  polished  surfaces  without  requiring 
repolishing.  Electronic  heating  produces  only 
effects  due  to  heat,  so  will  cause  rougben- 
ing  only  when  other  of  the  heating  mettaodt 
do. 

Q.  In  sterilizing  ampoules  is  the  gUut 
heated?  A.  Yes;  this  is  necessary  to  evapo¬ 
rate  the  water  from  the  ampoules  prior  to 
their  sterilization. 

Q.  Is  it  desirable  to  rotate  Kork  durinj 
electronic  heating?  A.  More  uniform  caw 
hardening  can  sometimes  be  achieved  by  tbi* 
procedure,  especially  at  low  frequencies  and 
with  a  single-turn  output  coil  that  cannot 
provide  uniform  heating  throughout  a  com¬ 
plete  angle  of  360  deg.  Rotation  should  not 
be  too  rapid.  It  is  believed  that  unlforni 
quench  of  the  case-hardening  metal  is  more 
important  than  rotation  of  the  heated  piece 

Q.  Has  induction  heating  been  applied  to 
sintering  of  powdered  metallurgical  prod¬ 
ucts?  A.  Yes,  metallic  powder  can  be  nln- 
tejred.  Some  applications  have  already  been 
made  using  tungsten,  for  example.  Bullet 
cores  and  bushings  have  been  successfully 
made  this  way. 

Q.  Is  there  any  selective  heating  when  a 
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Although  specialists  in  the  design  and  quantity  production  of  trans* 
formers  for  a  quarter  century,  the  demands  of  the  past  few  years  have 
brought  about  many  developments.  The  requirements  for  military  and 
essential  industry  purposes  have  multiplied  many-fold  with  further 
emphasis  on  exactnc'ss  and  uniformity. 

Transformer  specialists  before  the  War  — great  strides  have  been 
made  in  anticipating  and  meeting  requirements  of  greatly  varied 
character  that  have  multiplied  many-fold  for  military  and  essential 
industrial  purposes. 

Reports  from  all  over  the  world  emphasize  the  reliability  of  Jeffer¬ 
son  Electric  Transformers.  Wherever  used  — on  land,  sea  or  in  the  air  — 
in  the  frozen  North,  or  hot,  dry  or  humid  tropics,  the  value  of  "quality” 
is  being  demonstrated  daily. 

Now  is  a  good  time  to  study  you^^^p^j^ner  and  1^  1 

Jefferson  engiruwtj^jmdk^^omhteridationS’diilmll  save  your  time  later.  I 


JtFFERSON  ELECTRIC  COMPANY 


e,. . 


FOR  ELECTRONIC  NEED 


JEFFERSON 


BELLWOOD  (suium  Of  CHKAGO)  ILLINOIS 


IN  CANADA:  CANADIAN  JEFFERSON  ELECTRIC  CO.  LTD.,  384  PAPE  AVENUE,  TORONTO,  ONT. 
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t/roup  0/  needles,  all  pointing  the  same  vsap, 
are  subjected  to  electronic  heating  t  A.  Ordi¬ 
narily  the  orientation  would  have  no  effect 
If  all  of  the  needles  are  in  contact  with  one 
another  and  if  the  mass  may  be  considered 
homogeneous.  However,  there  may  be  some 
local  heating  at  contact  points  when  only  a 
small  number  of  needles  is  Involved.  Steel 
wool  is  not  homogeneous,  and  flare-ups  dne 
to  local  heating  may  be  expected. 

Q.  Will  the  rapid  evaporation  of  water 
from  nylon  yarn  affect  the  tensile  strengthf 
A.  No.  In  a  number  of  instances  the  tensile 
strength  was  actually  increased  by  the  ap¬ 
plication  of  electronic  heating  methods. 

Heating  Effects  Can  Be  Predicted 
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Thro*  dilleront  methods  ol  pro-hootiag 
phenolic  material,  compared  in  terms 
of  hooting  cost  per  pound  and  produc¬ 
tion  in  pounds  per  hour.  ArUtraiy 
units  are  shown  on  the  cost  per  pound 
scale.  Supplied  by  o  leading  moldiag 
plant,  the  derta  applies  to  phenoBe  mo- 
teriol  in  o  7-in.  press  under  a  load  of 
Vb  lb.  A  Federal  Megatherm  unit  was 
used  for  electronic  hooting 
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2017  Grand  Ave.,  Kama*  City,  AAo. 
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4214  CountryClvbDr.,longBeach7,Cal. 
4205  N.E.  22nd  Ave.,  Portland  1 1,  Ore. 
Coixo  Postal  930,  Sao  Paulo,  Brazil 
50  Yormouth  Rd.,  Toronto,  Canada 


for  a  fair  and  complete  economic 
study  before  installing  such  equip¬ 
ment,  particularly  if  electronic  de¬ 
vices  are  to  supersede  other  meth¬ 
ods  of  heating.  Preheating  of  plas¬ 
tic  preforms  makes  it  possible  to 
mold  larger  parts  and  do  precision 
molding.  Frequencies  as  high  as  10 
megacycles  or  even  higher  may  be 
used  to  get  power  Into  the  work  at 
reasonable  voltages  across  the 
electrodes. 


Q.  Has  dielectric  heating  been  appH^^ 
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Over  ninety  per  cent  of  all  rectifier  requirements  are  served  by  12  types— 4  basic 
assemblies  in  3  series.  These  3  series  are  the  three  primary  imits  of  Conant  rec¬ 
tifiers.  Special  types,  however,  can  be  developed  as  needed,  and  you’ll  find 
Conant  ready  to  cooperate. 


Dr.  Eugene  Mittelmann  spoke  on 
“Fundamentals  of  High  Frequency 
Heating,”  giving  basic  equations 
for  both  dielectric  and  induction 
heating,  discussing  problems  of 
heating  magnetic  materials  beyond 
the  Curie  temperature,  and  outlin¬ 
ing  advantages  of  dielective  heat¬ 
ing  for  plastic  preforms. 

Economic  Studies  Are  Essential 

V.  W.  Sherman  of  Federal  Tele¬ 
phone  &  Radio  Corp.,  covering  “Use 
of  Dielectric  Heating  For  Plastics, 
Rubber  and  Rubber  Substitutes,” 
discussed  advantages  of  electronic 
heating,  and  emphasized  the  need 


Steam  Infra-red  Megcrtherm 


SIRIIS  800  UNITS  are  for  general  applications  requiring  greater 
output  current  for  meters,  relays  or  other  apparatus  requi^g  more 
than  1  milliampere.  Recommended  for  all  such  applications  at  com¬ 
mercial  and  the  lower  audio  frequencies.  Will  also  operate  up  to 
50,000  c.p.s.  in  special  applications  wherein  accuracy  of  readings  is 
not  essential. 

SIRIIS  160  and  160-C  are  for  applications  requiring  good  fre¬ 
quency  response  over  the  entire  commercial  and  audio  range  and 
especially  when  the  meter,  relay  or  other  apparatus  requires  less 
than  1  milliampere  for  operation.  In  some  special  applications  these 
units  may  be  operated  at  frequencies  up  to  15,000,000  c.p.s.  with 
special  circuit  treatment 

SRICIAL  TYRIS  are  available  in  both  series  500  and  160-C.  When 
requesting  a  quotation  on  a  special  type  include  a  sketch  of  the 
rectifier  required  or  a  circuit  diagram  showing  source  and  fre¬ 
quency  of  the  input  voltage,  resistance  and  kind  of  load,  required 
load  current  and  the  ambient  temperatures. 

SIRIIS  SOO  Disc  diameter  .500  inch.  Area  each  disc  .15  square  inch. 
Furnished  with  3"  braided,  tinned  copper  leads.  Finish^  in  clear 
lacquer.  Nickel  plated  end  plates. 

SIRIIS  160  Disc  diameter  .160  inch.  Area  each  disc  .02  square  inch. 
Furnished  with  3"  stranded,  tinned  double  silk  covered  copper 
leads.  Nickel  plated  case.  Assembly  sealed  with  specially  developed 
moisture  proof  compoimd. 

SIRIIS  160-C  Disc  diameter  .160  inch.  Disc  area,  lead  wire  and 
length  and  moisture  proof  seal  are  identical  with  Series  160.  Dimen¬ 
sions  of  the  nickel  plated  case  have  been  reduced  to  the  most  com¬ 
pact  size.  These  imits  may  be  moimted  in  a  standard  midget  fuse 
clip. 

Conant  Instrument  Rectifiers  are  available  from  leading  radio  job¬ 
bers  everywhere— consult  your  local  jobber. 
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Conant 
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Rectifiers 


...IN  RADIO 
COMMUNICATIONS 
EQUIPMENT 


For  many  years,  the  quality  of  Wilcox  communications  appara* 
tus  has  been  relied  upon  by  broadcasting  stations,  commercial 
airlines  and  governmental  agencies.  Throughout  the  United 
States  and  over  the  world  flight  schedules  have  been  accurately 
and  safely  mainUined  through  use  of  Wilcox  ground  and  aircraft 
transmitters,  receivers  and  control  equipment.  From  the  urgency 
and  new  demands  of  war  have  been  develojjed  many  Wilcox 
improvements  for  the  radio  and  radar  fields.  Now,  and  in  the 
future — look  to  Wilcox  for  all  radio  equipment  needs. 


A  number  of  96C  Transmitters,  combined  with  the  36A  Rectifier  and  SOA  Modu¬ 
lator,  furnishing  plate  power  and  high-level  modulation  facilities  respectively,  form 
a  flexible,  multi-frequency  station  for  either  simultaneous  transmission  on  a  num¬ 
ber  of  frequencies,  or  the  selection  of  an  individul  frequency  best  suited  to  the  par¬ 
ticular  communication  problem.  The  use  of  an  individual  channel  for  each  frequency 
avoids  the  eomplicetions  of  frequency  shifting  mechanisms. 


Engineered  to  the  needs  of  those  services  requiring  reli¬ 
able  radio  communWeations,  the  Wilcox  Ele^ic  Com¬ 
pany  96C  equipment  represents  an  advanced  stage  of 
design  in  the  field  of  m^ium  frequency,  medium  power 
transmitters.  Each  unit  is  a  complete,  fixed-frequency  23 
KW  RF  transmitter,  for  either  telegraph  or  telephone  oper¬ 
ation  in  the  range  of  2-20  MC. 


WILCOX  ELECnUC  COMPyVIIY,INC 


Mttnufacturen  of  Radio  Equipment  • 

FourtMnth  and  Chostmit  Kansas  City,  Mo. 
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SHALLCROSS  PORTABLE 
TYPE  645  FOR  FIELD 
INSPECTION  WORK* 


TYPES  UP  TO  30 
KV  AVAILABLE 
FOR 

RAPID  DELIVERY! 


TYPE  638-2 
COMBINED  KELVIN 
AND  WHEATSTONE 
BRIDGE 


TYPE  NO.  845 
POPULAR 
3-DECADE  UNIT 


Shallcross 


the  vulcanization  oj  cablet  f  A.  Yes,  with 
materials  to  be  Talcantsed  as  tbej  are  es- 
truded,  and  with  two  pieces  of  sheet  to  b« 
vulcanized.  In  such  eases,  heating  electrode* 
are  clamped  in  place  to  become  part  of  * 
mold  as  well  as  the  electrodes.  Such  ele^ 
trodes  are  frequently  made  of  copper. 

Q.  In  heating  materialt  by  electronic 
meant,  are  the  phyaieal  charaeterittiec 
changed  at  the  retult  of  molecular  frictiont 
A.  No,  unless  such  physical  characteristic* 
would  be  altered  by  the  application  of  heat 
in  any  other  form. 

Heating  Unite  On  Display 


STREAMLINING 
LOW  RESISTANCE 
MEASUREMENTS 


Ar«  you  required  to  make  hundreds  of 
accurate  "Go,  No-Go"  low  resistance 
measurements?  The  Shallcross  Portable 
Low-Resistance  Test  Sets  are  ideal  for  mak¬ 
ing  rapid  measurements  in  bond  testing, 
switch  and  relay  contact  resistance  testing, 
bar-to-bar  commutator  readings,  etc.  Write 
fox  Bulletin  LRT. 


The  following  manufacturers 
of  induction  and  dielectric  elec¬ 
tronic  heating  equipment  had  work¬ 
ing  units  on  display  and  in  opera¬ 
tion  at  the  conference: 

Ajax  Electrothernilc  (.'orp.,  .\Jux  Park. 
Trenton,  N.  J. 

Allia-Cbalmers  Mfg.  Co.,  Milwaukee,  Wl« 
conain 

Budd  Wheel  Co.,  Detroit,  Michigan 
Federal  Electric  Co.,  Chicago,  Ill. 

Federal  Telephone  &  Kadio  Corp.,  Newark. 

General  Electric  Co.,  Schenectady,  X.  Y. 
The  Girdler  Corp.  (Thermex  DIv.),  Loui*' 
vllle,  Ky. 

Illinois  Tool  Works,  Chicago,  Ill. 
Induction  Heating  Corp.,  New  York,  N,  Y. 
Lepel  High  Frequency  Laboratories,  New 
York,  N.  Y. 

Ohio  Crankshaft  Co.,  Cleveland,  Ohio 
Kadio  Corporation  of  America,  Camden,  New 
Jersey 

Westinghouse  Electric  &  Mfg.  Co.,  Eait 
Pittsburgh,  Pa. 

Westinghouse  Electric  &  Mfg.  Co.,  Radio  k 
X-Kay  Div.,  Baltimore,  Md. 


HIGH-VOLTAGE 
MEASUREMENT 
PROBLEMS  SOLVED 

Shallcross  Portable  Kilovoltmeters,  Kilovolt^S^^^I^^S 
meter  Multipliers  (for  use  with  external 
meters)  and  Gsrona  Protected  Resistors  (for 
voltages  up  to  2XX)  KV)  comprise  a  complete  line  of  high- 
voltage  measuring  apparatus.  Over  a  period  of  years 
Shallcross  engineers  have  pioneered  in  the  field  of  modern 
high-voltage  measurements.  They  will  welcome  an 
opportunity  to  put  their  experience 
work  on  your  problem. 


Electronic  X-Ray  Current 
Regulator 

A  NEW  ELECTRONIC  REGULATOR  in¬ 
sures  constant  current  in  x-ray 
tubes  where  a  small  change  in 
power-supply  voltage  makes  a 
large  difference  in  current  de¬ 
livered.  The  unit  connects  into  the 
high-voltage  circuit  of  the  x-ray 
tube  and  hence  is  sensitive  directly 
to  changes  in  the  quantity  desired 
constant — the  x-ray  tube  current. 
The  regulator  holds  the  current 
constant  by  operating  on  the  x-ray 
tube  filament  through  a  stepless 
saturable  reactor.  Tube  current  is 
held  within  two  percent  plus  or 
minus  over,  for  example,  the  cur¬ 
rent  range  of  4  to  30  milliamperes 
and  a  voltage  band  of  30,000  to 
150,000  volts.  The  regulator  makes 
possible  precalibrated  current  dials 
and  reduces  the  work  of  the  opera¬ 
tor  to  making  the  current  selection 
and  pressing  a  button.  It  makes 
sure  that  the  tube  delivers  the  cur¬ 
rent  ordered,  regardless  of  any 
fluctuation  in  supply-line  voltage  or 
^  whether  the  set  has  been  operating 
and  is  hot  or  whether  it  is  starting 
cold,  regardless  of  the  anode- 
cathode  voltage. 


f  ONE  BRIDGE  THAT 
DOES  THE  WORK  OF  TWO 


r  Combining  both  Kelvin  and  Wheatstone 
bridges,  this  popular  Shallcross  instrument 
provides  a  resistance  measurement  range 
from  0.0001  to  11.11  megohms  in  a  single 
portable  instrument.  Just  the  thing  for  maintenance,  pro¬ 
duction  line  tests,  field  investi¬ 
gations,  school  and  laboratory  .. 
work,  etc. 


ACCURATE  VOLTAGE 
DIVIDERS 

Shallcross  Voltage  Dividers  (Decade  Potentio- 
meters)  are  available  in  a  wide  range  of  total 
resistance  and  voltage  increments.  Many  special  units 
regularly  produced  for  special  applications.  Write  for 
latest  data  bulletins  on  any  Shallcross  instrument  type. 
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the  vulcanization  of  cablet  f  A.  Yes,  with 
materials  to  be  Tnlcanized  as  they  are  ex¬ 
truded,  and  with  two  pieces  of  sheet  to  be 
vulcanized.  In  such  cases,  heating  electrodes 
are  clamped  in  place  to  become  part  of  a 
mold  as  well  as  the  electrodes.  Such  elec¬ 
trodes  are  frequently  made  of  copper. 

Q.  In  heating  materials  by  electronic 
means,  are  the  physical  characteristics 
changed  as  the  result  of  molecular  frictiont 
A.  No,  unless  such  physical  characteristics 
would  be  altered  by  the  application  of  heat 
in  any  other  form. 

Heating  Units  On  Display 

The  following  manufacturers 
of  induction  and  dielectric  elec¬ 
tronic  heating  equipment  had  work¬ 
ing  units  on  display  and  in  opera¬ 
tion  at  the  conference: 

Ajax  Electrotliermic  t.’orp.,  .\jax  I'ark, 
Trenton,  N.  J. 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis¬ 
consin 

Kudd  Wheel  Co.,  Detroit,  Micliigan 
Federal  Electric  Co.,  Chicago,  Ill. 

Federal  Telephone  &  Itadio  Corp.,  Newark, 
N .  J . 

General  Electric  Co.,  Schenectady,  X.  Y. 
The  Girdler  Corp.  (Theriiiex  Dlv.),  Louis¬ 
ville,  Ky. 

Illinois  Tool  Works,  Chicago,  Ill. 

Induction  Heating  Cori).,  New  York,  N.  Y. 
Lepel  High  Frequency  Lultoratories,  New 
York,  N.  Y. 

Ohio  Crankshaft  Co.,  Cleveland,  Ohio 
Radio  Corporation  of  America,  Camden,  New 
Jersey 

Westingliouse  Electric  &  Mfg.  Co.,  East 
I’ittsburgh,  Pa. 

Westinghouse  Electric  &  Mfg.  Co.,  Radio  k 
X-Ray  Div.,  Baltimore,  Md. 


Electronic  X-Ray  Current 
Regulator 

A  NEW  ELECTRONIC  REGULATOR  in¬ 
sures  constant  current  in  x-ray 
tubes  where  a  small  change  in 
power-supply  voltage  makes  a 
large  difference  in  current  de¬ 
livered.  The  unit  connects  into  the 
high-voltage  circuit  of  the  x-ray 
tube  and  hence  is  sensitive  directly  | 
to  changes  in  the  quantity  desired 
constant — the  x-ray  tube  current 
The  regulator  holds  the  current 
constant  by  operating  on  the  x-ray  j 
tube  filament  through  a  steple^* 
saturable  reactor.  Tube  current  is 
held  within  two  percent  plus 
minus  over,  for  example,  the  cur¬ 
rent  range  of  4  to  30  milliamperef 
and  a  voltage  band  of  30,000  to 
150,000  volts.  The  regulator  ma^ 
possible  precalibrated  current  dial* 
and  reduces  the  work  of  the  opera 
tor  to  making  the  current  selectior 
and  pressing  a  button.  It 
sure  that  the  tube  delivers  the  cur 
rent  ordered,  regardless  of  s®- 
fluctuation  in  supply-line  voltage^ 
-whether  the  set  has  been  operatinf 
and  is  hot  or  whether  it  is 
cold,  regardless  of  the  an  ^ 
cathode  voltage. 


TYPES  UP  TO  30 
KV  AVAILABLE 
FOR 

RAPID  DELIVERYI 


r  ONE  BRIDGE  THAT 
DOESTHEWORKOFTWO 


r  Combining  both  Kelvin  and  Wheatstone 
bridges,  this  popular  Shallcross  instrument 
provides  a  resistance  measurement  range 
from  0.0001  to  11.11  megohms  in  a  single 
jx>rtable  instrument.  Just  the  thing  for  maintenance,  pro¬ 
duction  line  tests,  field  invest!- 
gatioiu,  school  and  laboratory  ^ 
work,  etc. 


TYPE  638-2 


COMBINED  KELVIN 


ACCURATE  VOLTAGE 


HIGH-VOLTAGE 
MEASUREMENT 
PROBLEMS  SOLVED 


Shallcross  Portable  Kilovoltmeters,  Kilovolt- 
meter  Multipliers  (for  use  with  external 
meters)  and  Corona  Protected  Resistors  (for 
voltages  up  to  200  KV)  comprise  a  complete  line  of  high- 
voltage  measuring  apparatus.  Over  a  period  of  years 
Shallcross  engineers  have  pioneered  in  the  field  of  modern 
high-voltage  measurements.  They  will  welcome  an 
opportunity  to  put  their  experience 
to  work  on  your  problem. 


DIVIDERS 


STREAMLINING 


Are  you  required  to  medce  hundreds  of 
accurate  "Go,  No-Go"  low  resistance 
measurements?  The  Shallcross  Portable 
Low-Resistance  Test  Sets  are  ideal  for  mak¬ 
ing  rapid  measurements  in  bond  testing, 
switch  and  relay  contact  resistance  testing, 
bar-to-b«u:  commutator  readings,  etc.  Write 
for  Bulletin  LRT. 


LOW  RESISTANCE 


MEASUREMENTS 


Shallcross  Voltage  Dividers  (Decade  Potenho- 
meters)  are  available  in  a  wide  range  of  total 
resistance  euid  voltage  increments.  Many  special  units 
regularly  produced  for  special  applications.  Write  for 
latest  data  bulletins  on  any  Shallcross  instrument  type. 
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3-DECADE  UNIT 
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DEPT.  E35,  COLLINGOALE,  PA. 
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TUBES  AT  WORK 

Radar  Principles  Described  by  R.  L.  Smith-Rose .  180 

Quartz  Blanks  Multiplied  by  Division .  196 

Radar  Principles  Described  by  R.  L.  Smith-Rose 


For  the  first  time  in  print,  the 
fundamental  principles  of  radar 
are  described  in  the  February,  1946 
issue  of  the  British  magazine, 
Wireless  World  (Dorset  House, 
Stamford  Street,  London,  S.E.  1). 
The  paper  was  written  by  R.  L. 
Smith-Rose  of  the  National  Physi¬ 
cal  Laboratory  and  is  abstracted  in 
the  following  paragraphs : 

Radiolocation  or  radar  may  be 
described  as  the  art  of  using  radio 
waves  for  the  detection  and  location 
of  an  object,  fixed  or  moving,  by  the 
aid  of  the  difference  of  its  electrical 
properties  from  those  of  the  me¬ 
dium  adjacent  to  or  surrounding 
it  .  .  . 

An  aeroplane,  ship,  building  or 
human  being,  is  merely  required  to 
reflect  or  scatter  some  of  the  radia¬ 
tion  which  reaches  it  from  a  radio 
transmitter  forming  part  of  the 
whole  radar  installation.  The  de¬ 
tected  object  is  thus  merely  a 
source  of  secondary  radiation  which 
results  from  its  being  illuminated, 
as  it  were,  by  the  incident  radia¬ 
tion  from  the  primary  sending 
station  .  .  .  When  electric  waves, 
of  whatever  length,  impinge  on  the 
boundary  separating  two  media  of 
different  electrical  properties,  the 
path  of  transmission  of  the  waves 
is  altered;  some  of  the  wave  energy 
passes  across  the  boundary,  but  in 
doing  so  its  path  is  bent  or  re¬ 
fracted  ;  another  portion  of  the 
wave  energy  is  turned  back  from 
the  boundary,  and  forms  the  re¬ 
flected  portion  of  the  waves  on  the 
same  side  as  the  incident  waves. 

The  relative  magnitudes  of  the 
reflected  and  refracted  waves  de¬ 
pend  upon  the  electrical  properties 
of  the  media  on  the  two  sides  of  the 
boundary,  the  angle  of  incidence, 
and  the  frequency  or  wavelength  of 
the  waves.  If  these  quantities  are 
known,  the  reflecting  power  of  the 
surface  of  separation  of  the  two 
media  can  be  calculated ;  and  in 
many  practical  cases,  this  calcula¬ 


tion  is  made  easier  by  the  fact  that 
the  first  medium  is  air  under  nor¬ 
mal  atmospheric  conditions,  when 
its  electrical  conductivity  is  very 
small  and  its  dielectric  constant  is 
approximately  unity. 

Reflection 

If  the  second  medium  is  a  sheet 
of  copper,  of  which  the  conductivity 
is  very  high,  nearly  all  the  inci¬ 
dent  energy  in  the  arriving  waves 
will  be  reflected;  this  is  the  result 


has  both  a  moderate  conductivity 
and  an  intermediate  value  of  per¬ 
mittivity,  a  portion  only  of  the  in¬ 
cident  wave  energy  will  be  reflected, 
the  remaining  energy  passing  into 
the  medium  to  form  the  refracted 
waves. 

From  these  considerations,  it  is 
seen  that  reflection  of  radio  waves 
is  caused  at  a  discontinuity  or 
boundary  between  two  media,  and 
when  waves  in  air  strike  a  surface, 
which  may  be  either  a  metallic 
conductor  or  an  insulating  medium, 
the  waves  are  reflected  in  some  de¬ 
gree  by  the  surface.  If  this  surface 
is  smooth  in  the  sense  that  it  is 
free  from  irregularities  of  a  size 
approaching  the  wavelength,  then 
the  reflection  is  of  the  specular  type 
such  as  we  meet  with  in  light 
waves;  and  in  such  cases  if  the 
waves  impinge  normally  on  the  sur¬ 


Fig.  1 — Rodar  makes  use  of  pulses  of  radio  wares  marked  Pi  to  P*  which  ore 
at  regular  interrols  to  determine  the  distance  of  the  target  T  from  the  sending  ow 
receiving  antennos  Ai  and  Ai  by  measuring  the  time  of  trovel  of  the  pulses  alost 

the  poth  AiTAj 


of  the  re-radiation  from  the  con¬ 
duction  currents  set  up  in  the  cop¬ 
per  sheet  by  the  arriving  waves. 
Alternatively,  the  same  result  will 
be  obtained  with  radio  waves  if  the 
second  medium  consists  of  fresh 
water ;  for  although  in  this  case  the 
conductivity  is  low,  its  permittivity 
is  high  and  thus  strong  dielectric 
currents  will  be  set  up,  particularly 
at  high  radio  frequencies. 

In  the  case  of  soil  or  earth,  which 


face,  they  will  be  reflected  bad 
along  the  original  direction  toward* 
the  source  of  the  incident  waves.  H 
the  surface  is  not  sufficient!’ 
smooth  the  reflection  will  take  plar* 
in  various  directions,  or  the  incj' 
dent  waves  are  scattered,  as  it 
termed ;  and  in  this  case  only  a  po*' 
tion  of  the  reflected  or  scattered  en 
ergy  is  returned  along  the  path  ® 
the  incident  waves.  ... 

A  complete  station  consists  o  • 
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John  Meek  crystals  are  now — and  always  will  be — characterized  by 
high  quality  and  rigid  precision.  In  an  industry  as  exacting  in  mechan¬ 
ical  design  and  as  intricate  in  conception  and  execution  as  the  field  of 
sound  electrically  controlled  and  amplified,  the  engineering  staff  must 
work  to  standards  of  “absolute”  precision.  This  devotion  to  accuracy 
is  reflected  in  the  attitude  and  work  of  every  individual  contributing 
to  the  completion  of  John  Meek  products.  The  low  percentage  of  final 
test  rejections  at  John  Meek  Industries  is  a  tribute  to  the  splendid, 
conscientious  personnel  and  their  ability. 

JOHN  MECK  INDUSTRIES,  INC. 

PLYMOUTH,  INDIANA,  U.  S.  A. 


:  John  Meek  Industries,  Inc., 
will  produce  radio  receivers  and 
phonographs  on  the  resumption 
of  civilian  production.Your  sales* 
men  will  find  that  our  purchas¬ 
ing  department  is  interested  in 


establishing  dependable  sources 
for  parts  and  supplies.  Our  re¬ 
quirements  will  represent  a 
growing  volume  of 
business  through  O  /*  ’ 

the  years.  ' 
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i  BETTER 

PERMANENT  MAGNETS 


Specialists  in  the  manufacture  of 
ALNICO  PERMANENT  MAGNETS 


The  Arnold  fngineering  roMPANV 

147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 


combination  of  a  transmitter  and 
receiver.  The  transmitting  or  send¬ 
ing  portion  emits  radiation  over  a 
broad  arc  in  the  approximate  direc¬ 
tion  it  is  desired  to  explore.  When 
this  radiation  strikes  an  object 
having  an  appreciable  conductivity 
or  dielectric  constant,  some  of  the 
energy  is  reflected  or  scattered  back 
towards  the  receiver  which  is  in¬ 
stalled  moderately  close  to  the 
transmitter.  If  the  latter  emits  the 
short  trains  or 


radio  waves 
pulses,  the  time  of  transit  of  these 
to  the  reflecting  target  and  back 
to  the  receiver  can  be  measured,  by 
displaying  the  received  signals  on 
the  screen  of  a  cathode-ray  tube. 

The  arrangement  is  indicated 
schematically  in  Fig.  1,  where  suc¬ 
cessive  pulses  P1P2P3P4  have  been 
emitted  from  the  sending  aerial 
Aj,  the  first  two  pulses  having  al¬ 
ready  reached  the  target  and  been 
reflected  back  towards  the  receiv¬ 
ing  aerial  A2.  It  is  now  required  to 
determine  the  time  of  transit  of 
any  one  of  the  pulses  over  the  path 
A,TA2. 

The  pulses  of  radio-frequency 
oscillations  arriving  at  the  receiv¬ 
ing  aerial 


RADIO,  SOUND  and 
COMMUNICATIONS 
EQUIPMENT 


suitably  amplified 
and  rectified,  and  then  applied  to 
the  vertical  deflecting  plates  of  a 
If  the  horizon- 


INSTRUMENTS 


cathode-ray  tube, 
tal  deflecting  plates  are  connected 
to  a  suitable  time-base  circuit  op¬ 
erating  in  synchronism  with  the 
pulse  generating  circuit  in  the 
transmitter,  then  for  a  fixed  dis¬ 
tance  AT  As,  the  received  pulses 
will  appear  superimposed  on  one 
another  as  vertical  deflections  from 
the  horizontal  time-base.  If,  fuf" 
thermore,  the  time-base  is  made 


However  advanced  your  own  product-development  work  may  be  .  .  . 
however  new  or  revolutionary  the  permanent  magnets  you  require 
, . .  Arnold  engineers  can  be  of  considerable  assistance  to  you  in  supply¬ 
ing  the  proper  permanent  magnets  in  volmne.  They’re  precision-built 
entirely  in  our  own  plant,  under  the  closest  metallurgical,  mechan¬ 
ical  and  magnetic  control  to  assure  peak  efficiency  at  the  lowest  cost. 


1^1  P  I  copy  of  this  valuable,  up- 

PI  [  vW  •  to-the-minute  manual  on  the  design, 
production  and  application  of  modern  Alnico  per¬ 
manent  magnets.  Write  us,  on  your  company  letter¬ 
head,  today. 


back  at  the  receiver  after  reflecti*^ 
from  a  target  Ti.  As  we  know  tli»i 
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Yes,  you  can  obtain  both 
molded  plastic  parts  and 
small  motor  drives  or 
assemblies  from  General 
Industries.  Under  one 
roof  and  one  general 
management  we  have  long 
supplied  them  to  leading 
manufacturers  in  a  wide 
range  of  industries. 


INQUIRE  ABOU 


.BOTH 


FROM  GENERAL  INDUSTRIES 


Few  things  “stump”  our  molded  plastics 
division.  Whether  it’s  a  big  job  or  a  little'one,  we  have 
the  facilities  and  the  “know-how”  to  turn  it  out  in  an) 
quantity.  Our  engineers  and  mold  makers  have  a  habit 
of  reading  between  your  blueprint  lines,  to  dig  out  some 
way  to  do  the  job  better,  more  economically  or  faster. 

Our  operators  are  skilled  from  many  years  of  experience 
in  compression,  transfer  or  injection  molding,  to  deliver 
work  100%  to  specifications  and  on  time. 


THE 


You’ll  find  that  same  thorough  competence  in 
our  small  motors  division.  For  many  years  our  Srmiotli 
Power  drives  have  been  standard  for  leading  makers  of 
phonograph  and  radio  equipment,  automotive  devices 
and  other  low-torque  requirements.  Many  buyers 
obtain  exactly  what  they  need  in  our  standard  line,  but 
if  made-to-order  units  are  called  for,  our  engineers  and 
plant  can  deliver  them. 


E  N  E  R  A  L 

NDUSTRIES 


So,  for  molded  plastic  parts  or  low-torque 
motors  or  drives,  ask  General  Industries. 

Our  military  commitments  have  priorities 
at  present,  but  a  general  discussion  now 
can  pave  the  way  for  later  details.  We’ll 
appreciate  it  if  you’ll  address  the  division 
involved  .  .  .  molded  plastics  or  motors. 


ELYRIA, 


COMPANY 


OHIO 


I 
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RADIO  PARTS 

and  ElECTROHIC  EQUIPMtHT 

^CONCORD 


What  do  you  need  in  radio  and  electronic  parts  or  equipment?  If  you  think 
it’s  hard  to  get — if  you  need  one  or  a  hundred — order  from  CONCORD, 
by  mail,  by  wire,  by  telephone.  Our  shelves  are  loaded  with  top-quality 
merchandise,  nationally-known  brands,  complete  assortments.  Our  radio 
technicians  are  prepared  to  work  with  you  and  expedite  special  require- 

ments.  Tell  us  what  you  need.  We  can 
probably  supply  it  from  our  huge 
stocks-and  ship  it  to  you  at  once. 

GET  IT  QUICKLY-from 
CHICAGO  or  ATLANTA 

CONCORD  is  geared  to  present-day 
demands  for  fast  service.  Government, 
Industry,  and  Institutions — the  biggest 
names  in  America— have  discovered,  that 
they  are  more  likely  to  get  what  they  want 
from  CONCORD,  and  get  it  sooner.  Two 
huge  shipping  warehouses,  one  in  CHI¬ 
CAGO  and  another  in  ATLANTA,  are 
ready  to  fill  and  ship  your  orders  imme¬ 
diately,  no  matter  how  large  or  small,  no 

matter  where  you  are  located. 

■ 

FREE!  NEW  64-PAGE 
"Book  of  Values” 

This  big  64-page  showing  of  available- 
now  parts  for  radio  and  electronics  will 
be  ready  about  April  1st.  It  offers  thou¬ 
sands  of  hard  to  get  parts  at  substantial 
savings.  Includes  new  1945  Revised  List¬ 
ings  of  standard  lines  of  Condensers, 
Transformers,  Resistors,  Test  Equipment 
and  other  essential  radio  parts.  Rush 

_ _ coupon  for  FREE  COPY-mailed  to  you 

j  — — — — — as  soon  as  printed. 


Full  Wove  Vibrator 
Transformer,  6  Volts. 
lmput-250  V^lts. 

60  MA.  Output  C.T. 
SBSOOO  .  ^  7Q# 
Speciolly  priced,  • 


I.  R.  C.  type  CS  Duol 
Potentiometer 
2500  ohm  and  25  ohm. 
5B2007 
Specially  priced, 


I  CorneU-Dubilier  type 
TJL6040,  4  mfd.  600 
volt  DC  vrkg.  oil  filled 
condenser. 

5B3015  ,  49 

Specially  priced,  #i«*tT 


•  J  ■  I  ■  I  ■  J  ■ 


£RU5H  for  free  64;.PAGE  "Boojc  of  Values”  - 

I  CONCORD  RADIO  CORPORATION  j 

I  V  '  O  ’«!  W.  Jackson  Blvd.,  Dept.  G-35,  I 

I  0  ^  Chicago  7,  Illinois  | 

I  Pleese  send  me  a  FREE  copy  of  the  "Book  of  Values”  of  radio  and  electronic  parts  I 

I  end  equipment  as  soon  as  It's  oR  the  press.  j 

{  Name .  j 


the  velocity  of  radio  waves  is  sub¬ 
stantially  186,000  miles  per  second, 
the  scale  of  the  time-base  can  be 
graduated  in  miles,  so  that  the  di.s- 
tance  of  the  target  T,  is  seen  to  be 
about  19  miles.  A  second  received 
pulse  is  seen  at  T,  returned  from 
another  target  at  a  range  of  about 
35  miles.  If  one  or  both  of  these 
targets  are  moving,  their  changes 


Fig.  2 — Type  of  trace  seen  on  radar 
screen.  The  fluorescent  spot  sweeps 
along  the  time  base  OA  in  synchronism 
with  the  transmitted  pulses.  The  re¬ 
ceived  echoes  from  two  different  tar¬ 
gets  are  seen  at  a  distance  from  O  cor¬ 
responding  to  the  time  token  for  the 
pulses  to  travel  to  and  from  the  torgets 
Ti  and  Tj.  The  time  base  can  be  pro¬ 
vided  with  a  range  scale  as  shown 

in  position  are  indicated  by  the 
movement  of  the  pulses  along  the 
base-line  on  the  screen  of  the  cath¬ 
ode-ray  tube  towards  or  away  from 
the  point  O. 

The  amplitude  of  the  pulse  on 
the  tube  is  proportional  to  the 
strength  of  the  received  signal,  so 
that  this  naturally  increases  as  the 
target  from  which  the  echo  is  re¬ 
turned  approaches  the  receiver. 
When  other  conditions  remain  the 
same,  the  amplitude  of  the  echo 
is  also  a  measure  to  some  extent 
of  the  reflecting  properties  of  the 
target,  for  example,  its  size;  and 
an  experienced  observer  may  be 
able  to  guess  the  nature  of  the 
target  from  the  echo  pulse  seen  on 
the  tube  screen. 

Direction 

This  measurement  of  the  dis¬ 
tance  of  the  reflecting  body  re¬ 
sponsible  for  the  echo  signals  must 
be  supplemented  by  a  determina¬ 
tion  of  the  direction  of  arrival  of 
the,  waves  in  both  the  horizontal 
and  vertical  planes,  before  the 
actual  position  of  the  reflector  in 
space  is  completely  knovm.  These 
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ANOTHER 


Lepel  lUgh  Frequency  Induction  Heat- 
^  Units  are  made  in  various  sizes. 

unit  can  be  used  for  harden- 
‘^•  brazing,  soldering,  melting,  etc.,  of 
both  ferrous  and  non-ferrous  metals, 
nanly  ccmverted  to  peacetime  use  at  no 
*ott.  Write  for  catalog. 


OutiitmcUHg  JtMp/ummHt 

In  Gear  Hardening 


The  hardening  of  gears  and  pin¬ 
ions,  long  recognized  as^an  ideal 
application  of  high  frequency  induction 
heating,  is  a  field  in  which  Lepel  has 
pioneered  and  developed  many  note¬ 
worthy  improvements.  It  made  possible 
localized  hardening,  practically  elimi¬ 
nating  warpage  and  retaining  the 
toughness  and  ductility  of  untreated 
areas.  It  produced  superior  wearing 
qualities,  provided  greater  uniformity 
and  cut  hardening  time  to  a  matter  of 
seconds.  ■ 

Now  Lepel  offers  another  outstand¬ 
ing  improvement  in  the  hardening  of 
gears  and  other  round-section  parts. 
The  new  Lepel  roto-heating  aiyi 
quenching  unit  causes  the  part  to  re¬ 


volve  at  a  predetermined  speed  within 
the  load  coil  during  the  automatically- 
controlled  heating  and  quenching  cy¬ 
cles.  The  result  is  a  degree  of  imiform- 
ity  never  hitherto  achieved  by  any 
hardening  process  —  a  new  high  stand¬ 
ard  of  quality  for  such  parts. 

The  unit,  including  motor  drive,  load 
coils  and  quench  rings,  is  compara¬ 
tively  inexpensive  and  can  be  operated 
in  connection  with  any  standard  Lepel 
Induction  Heating  Unit.' 

A  Lepel  representative  will  be 
pleased  to  call  upon  you  upon  request. 
Or  Lepel  engineers  will  harden  samples 
of  your  parts  to  your  specifications 
and  furnish  complete  data  without 
obligation. 


LEPEL  HIGH  FREQUENCY  LABORATORIES,  INC 

Plonmmrt  tn  Induction  Hooting 


3*  WIST  60tli  STRin 


NIW  YORK  33,  N.  T. 


high  frequency  induction  heating  units 
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LINGO 


7 


VERTICAL 

RADIATORS  ^ 


available 
promptly 
to  stations 
with 

necessary 

priority 


We  are  ready  now  to  serve  you 
attain,  if  you  have  the  proper 
priority  to  purchase  new  equip-' 
inent.  In  planning  your  mod¬ 
ernization  program,  he  sure  to 
investigate  the  exclusive  and 
superior  features  of  the  Lingo 
Vertical  Tubular  Steel  Radiator. 
They  are  available  in  standard 
heights — 100  to  500  feet.  Orders 
[ilaced  now  can  he  delivered 
within  a  few  weeks.  Write  at 
once  for  details. 

Lingo  also  produces  tubular  steel 
poles  for  the  support  of  F.M, 
Television  and  other  IdlF  an¬ 
tennas. 


Out  staff  will  be  pleased  to  pro¬ 
vide  you  with  the  complete  story 
(IS  It  applies  in  your  own  case. 
In  writinf’,  please  p;ive  locution, 
l>ower,  frequency  of  station,  and 
indicate  radiator  height  desired. 

JOHN  E.  LINGO  &  SON,  INC. 

E$t.  1897  Camden,  New  Jersey 


measurements  can  be  made  by  well- 
established  methods  for  observing 
the  bearing  or  azimuth  (<^  in  Fig. 
3)  and  the  angle  of  elevation  above 
the  horizontal  (0,  Fig.  3).  The  first 
observation  can  be  made  by  rotat¬ 
ing  the  receiving  aerial,  which  may 
at  certain  wavelengths  be  a  hori¬ 
zontal  dipole,  about  a  vertical  axis 
until  the  amplitude  of  the  corres¬ 
ponding  pulse  decreases  to  zero;  it 
is  then  known  that  the  bearing  is  in 


Fig.  3 — The  position  of  the  target  is 
defined  by  its  range  R.  angle  of  eleva- 
lion  6,  and  bearing  or  ozimuth  0 


line  with  the  direction  of  the  dipole. 
Alternatively,  a  pair  of  fixed  aerials 
at  right  angles  to  one  another  can 
be  used,  connected  to  the  field  coils 
of  a  radio  goniometer  in  the  usual 
manner  of  a  direction  finder.  Ro¬ 
tation  of  the  search  coil  to  the  sig¬ 
nal  minimum  position  again  en¬ 
ables  the  bearing  to  be  determined. 

Height 

The  angle  of  elevation  of  the  ar¬ 
riving  waves  can  be  measured  by 
comparing  the  amplitudes  of  the 
voltages  induced  in  two  similar 
aerials  mounted  one  above  the  other 
at  a  known  distance  apart,  depend¬ 
ing  upon  the  wavelength  in  use  and 
the  range  of  angles  of  elevation  it 
is  desired  to  cover.  This  technique 
has  been  used  for  many  years  past 
by  several  investigators  for  meas- 
!  uring  the  angle  of  arrival  of  radio 
waves  over  long-distance  communi¬ 
cation  paths,  and  it  is  directly  ap¬ 
plicable  to  the  problem  now  under 
discussion.  If  the  refiecting  object 
being  observed  is  an  aircraft,  then 
a  knowledge  of  the  range  R  and  ele¬ 
vation  0  enables  the  altitude  at 
which  the  craft  is  flying  to  be  de¬ 
termined.  If  the  object  of  interest 
is  a  ship,  then  the  angle  of  elevation 
is  negligible,  and  the  range  and 
bearing  determine  its  position. 

The  above  considerations  all  ap¬ 
ply  to  the  use  of  wavelengths  of  the 
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New 

Terminal  Design  for 

MALLORY 

VARIABLE 

RESISTORS 


»rres- 
ro;  it 
■  is  in 


Makes  Your  Assembly 
Easier,  More  Durable 


design  for  terminal  lugs  of 


'  I  ’tllb  new  design  lor  terminal  lugs  of 
X  Mallory  Variable  Resistors  permits 
speedier,  easier,  more  solid  attachment  ^ — 

of  circuit  leads,  because  each  lug  is 
locked  in  and  may  be  formed  or  bent  to  any 
loosening  the  rivets. 

The  lug  is  designed  with  a  spring  action  and  in  a  paleiiled  shape  that 
grips  the  laminated  plastic  insulator.  This  maintains  a  constant  spring 
pressure  and  prohibits  loosening  of  the  spring  caused  by  bending. 
This  new  Type  3U  Mallory  Variable  Resistor  is  available  in  1/^" 
diameter  and  in  resistances  from  5000  ohms  to  9  megohms. 

OTHER  VARIABLE  W1RE-\^0UND  RESISTORS — Three  types  from 
2  to  9  watts,  0.5  ohm  to  150,000  ohms  resistance.  In  single  and  multiple 
units,  with  or  without  switch. 
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VARIABLE  CARBON  RESISTORS — Standard  and  midget  types  in 
values  from  5000  ohms  to  9  megohms.  Noiseless  in  operation.  Resistant 
to  humidity. 

FIXED  AND  ADJUSTABLE  AV  IRE-WOUND  RESISTORS— Rated 
from  10  watts  to  200  watts,  in  a  wide  range  of  resistance  values. 
Moisture  resistant. 


Standard  Mallory  Approved  Precision  Products — resistors,  volume  con¬ 
trols,  capacitors,  switches,  jacks,  plugs,  vibrators,  rectifiers,  power 
supplies  and  other  electronic  parts — are  available  from  your  nearest 
Mallory  Distributor.  Ask  him  for  your  copy  of  the  informative  Mallory 
catalog,  or  write  us  today. 

Make  it  a  policy  to  consult  Mallory  for  engineering  assist^ 
ance  while  your  designs  are  still  in  the  blue  print  stage. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


FIXED  AND  VARIABLE 


The  power  output  of  this 
precision  motor  is  excep¬ 
tionally  high  in  proportion 
to  its  light  weight  and 
small  size.  Originally 
developed  for  numerous 
aircraft  and  portable 
applications,  the  charac¬ 
teristics  of  its  performance 
can  readily  be  modified 
for  a  variety  of  new  uses. 


Series  or  sheet  woeed  Cempletely  endesed 
Unidirectional  er  reversible  Adaptable  for  any  moenting 
High  starting  torque  Laminated  field  poles 
Lew  starting  current  Stainless  steel  shaft 
Lew  RF  interference  Two  precision  ball  bearings 
Armature  and  field  windings  Mica  insulated  cemmutator 
Varnish  impregnated  and  baked  Permonent  end  play  adjustment 


1600  FRAME  MOTORS 

Series 

Shunt 

Watts  Output,  Int. 

(max.) 

22 

Watts  Output,  Con. 

(max.) 

5 

Torque  at  8500  RPM 

(in.  oz.) 

3 

Torque  at  5800  RPM 

(in.  oz.) 

4.5 

1 

Lock  Torque 

(in.  oz.) 

12 

3 

Volts  Input 

(min.) 

•  5 

5 

Volts  Input 

(max.) 

32 

32 

Shaft  Diameter 

(max.) 

.250" 

.250" 

Temperature  Rise 

50®C. 

40°C. 

Weight 

12  oz. 

12  oz. 

order  of,  say,  5  to  50  meters,  for 
which  the  dimensions  of  the  aerials 
are  such  as  to  make  it  impracticable 
to  obtain  very  concentrated  beams 
of  radiation  by  the  use  of  local  re¬ 
flectors.  If,  however,  much  shorter 
wavelengths  are  used,  then  it  be¬ 
comes  possible  to  arrange  what  is, 
in  effect,  a  radio  searchlight,  but 
with  the  addition  of  the  facility  for 
determining  distance.  .  .  . 


or  f 


Quartz  Blanks  Multiplied 
by  Division 


Before  the  war,  a  radio  amateur 
in  South  Africa,  a  minister,  dropped 
and  broke  a  one-inch  quartz  crystal 
Anxious  to  stay  on  the  air,  he  tried 
the  three  fragments  that  resulted 
and  found  that  each  one  still 
oscillated  satisfactorily.  On  order¬ 
ing  a  new  plate  from  a  concern  in 
the  U.  S.,  he  forwarded  the  in¬ 
formation  that  the  pieces  of  the  old 
one  were  still  operating.  The  let¬ 
ter,  still  on  file  with  the  company, 
aroused  a  lively  discussion  among 
the  engineers  although  the  in¬ 
formation  was  not  entirely  new. 

War  needs  of  quartz  plates  has 
forced  replacement  of  the  one-inch 
square  blanks  by  tiny  units  averag¬ 
ing  less  than  0.3  sq  in.  in  area. 
Some  measure  only  0.125  sq  in. 

Reduction  in  size  has  resulted  in 
the  production  of  more  plates  per 
pound  of  raw  material  and  also 
in  the  use  of  quartz  of  a  size  and 
quality  formerly  considered  non- 
adaptable.  The  estimated  saving  of 
quartz  in  bulk  amounts  so  far  to 
1200  tons,  and  the  estimated  saving 
in  cost  is  $24,000,000.  Standardiza¬ 
tion  has  made  possible  fewer  elec¬ 
trode  sizes,  simpler  sockets  and 
holders,  and  fewer  crystal  specifica¬ 
tions.  Ninety-five  percent  of  aB 
crystals  procured  by  Signal  Corps 
are  now  in  four  types  of  holdera 

Prior  to  Pearl  Harbor,  there  weK 
some  fifteen  or  twenty  firms  u 
America  which  could  produce  not 
over  a  hundred  thousand  units » 
year,  and  this  by  laboratory  meth¬ 
ods  that  now  seem  clumsy. 
raised  .the  military  needs  alone  to 
millions  of  crystals  yearly. 
seemed  impossible  that  the  Sigo* 
Corps  could  get  them  but  they 
get  them — from  plants  that  ^ 
Tjeen  making  lamp  shades,  co 
radio  cabinets  and  innumers 
other  products. 
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Don’t  be  "stumped”  by  a  seemingly  unobtainable  tube.  Usually  such  problems  are  successfully 
solved  by  RAULAND  specially-designed  tubes  having  characteristics  that  meet  special  requirements. 

Your  quest  may  call  for  a  single  tube  or  thousands.  In  either  case  the  RAULAND  organization 
will  produce  them.  •  RAULAND  tube  engineers  are  men  of  long  experience,  widely  recognized 
for  achievement,  who  have  opened  the  way  to  a  broader  electronic  progress  through  their  creation 
of  tubes  which  have  solved  many,  varied  applications. 

THE  ILLUSTRATION: 

1.  360°  Pickup  Phototube,  having  universal  application.  3.  Exceptionally  High  Blue-Sensitive  Phototube.  (Typical  appli- 

2.  Top  Anode  Connection  Phototube  with  ceramic  base  to  '*  photo-control). 

lower  capacity  and  increase  leakage  path,  with  special  Electronic  Beam  Tube  for  negative  feedback  cantral  devices, 

guard  ring  to  further  minimize  leakage.  5.  Space-Saving  Midget  End-View  Phototubelsizeiyu^xlVic"). 


*4W0  e  UADAII  •  SOUHIh^ 


COMMUMfCATIOMS  •  TiifVtS/OM 


Electroneering  is  our  business 
THE  RAULAND  CORPORATION  •  CHICAGO  41,  ILLINOIS 

Stty  War  Bonds  and  Stamps!  Rauland  employees  are  still  investing  10%  of  their  salaries  in  War  Bonds 
^ECTRONICS-MorcA  1945  lO 


Name  Your  Problem 


THE  ELECTRON  ART 

IRE  1945  Winter  Technical  Meeting  Includes 
Discussion  of  Proposed  F-M  Allocation 


Subjects  in  just  about  every 
phase  of  radio  and  electronic  engi¬ 
neering  were  covered  by  technical 
papers  presented  at  the  1945  Win¬ 
ter  Technical  Meeting,  held  in  New 
York  from  January  24  through 
January  27  at  the  Hotel  Commo¬ 
dore.  The  total  of  42  papers  de¬ 
livered  by  leading  engineers  in¬ 
cluded  such  topics  as  exalted-car¬ 
rier  reception,  vacuum-contained 
transmitters,  fractional-mu  tubes, 
quartz  crystal  x-ray  radiation  and 
quality  determination  of  quartz 
plates.  A  number  of  papers  on  in¬ 
dustrial  applications  of  electronic 
equipment  and  techniques  were 
also  delivered. 

One  of  the  highlights  of  the 
meeting  was  the  interest  aroused 
in  f-m  frequency  allocations  by  a 
paper  delivered  on  the  opening  day 
by  E.  W.  Allen,  Jr.,  FCC  engineer. 


and  prepared  in  conjunction  with 
K.  A.  Norton,  former  FCC  engi¬ 
neer  now  with  the  War  Depart¬ 
ment.  The  paper,  entitled  “Very- 
High-Frequency  and  Ultra-High- 
Frequency  Signal  Ranges  as  Lim¬ 
ited  by  Noise  and  Co-Channel  In¬ 
terference”,  considered  the  theo¬ 
retical  ranges  of  ground-wave  sig¬ 
nals  for  broadcast  and  land-mobile 
services  in  the  frequency  band 
from  30  to  3000  Me. 

The  crowded  program  did  not 
permit  discussion  of  the  paper  after 
presentation  but  space  was  made 
available  to  Major  E.  H.  Armstrong 
on  the  afternoon  program  of  the 
same  day  for  presenting  some  fig¬ 
ures  obtained  under  operating  con¬ 
ditions.  Because  of  the  intense  in¬ 
terest  shown  by  attending  engi¬ 
neers,  a  special  2i-hour  session 
was  also  held  at  the  close  of  the 


meeting  on  Saturday  afternoon. 
Besides  Mr.  Allen  and  Major  Arm¬ 
strong,  the  following  were  among 
the  speakers  at  this  session :  H.  H. 
Beverage  of  RCA  Laboratories; 
Harlan  T.  Stetson  of  MIT;  J.  H. 
Dellinger  of  Bureau  of  Standards; 
C.  M.  Jansky,  Jr.,  chairman  of 
Panel  5,  RTPB;  R.  A.  Hackbush 
of  Canada's  RTPB ;  D.  G.  Fink  (on 
leave  from  Electronics),  and 
K.  A.  Norton  of  the  War  Depart¬ 
ment.  In  Mr.  Allen's  paper,  it  was 
shown  that  the  distances  to  the 
theoretical  broadcast  contours 
which  are  to  be  protected  from  co¬ 
channel  and  adjacent  channel  inter¬ 
ference  increase  with  increasing 
frequency,  whereas  the  broadcast 
interfering  range  and  the  extended 
rural  broadcast  range  and  mobile 
ranges,  which  are  limited  by  re¬ 
ceiver  noise,  decrease  with  increas¬ 
ing  frequency. 

The  possibilities  of  increasing 
the  service  ranges  by  the  use  of 
transmitting  and  receiving  anten¬ 
nas  that  provide  gain  were  dis¬ 
cussed  and  practical  limits  of  appli¬ 
cation  indicated  for  both  services. 

Ambient  noise  levels,  terrain, 


SERVICE  AREAS  FOR  A  STATION  WITH  A  RADIATED  POWER  OF  340  KW 


PRIMARY  SERVICE 
AREA  17,901 
SO  MliES 
RADIUS  7S  S 
MILES 


EXTRA  RURAL 
AREA  31,179 
SO  MILES 

RADIUS  I3S  MILES 


.PRIMARY  SERVICE 
AREA  17.203 
SO  MILES 
RADIUS  74  MILES 


[  EXTRA  RURAL 
AREAS 

*/i  WAVE  ANTENNA 
IA,77«  SO  MILES 
w  104  MILE  RADIUS 
^  YAGI  ANTENNA 
23,62S  SO  MILES 
114  MILE  RADIUS 


SERVICE  AREAS  FOR  A  STATION  WITH  A  RADIATED  POWER  OF  1  KW 


PRIMARY  SERVICE 
AREA  4,072  SO  MILES 
RADIUS  36  MILES 


EXTRA  RURAL  AREA' 
16,034  SO  MILES 
RADIUS  to  MILES 


PRIMARY  SERVICE 
>AREA  S,037  SO  MILES 
RADIUS  40  MILES 

'^EXTRA  RURAL  AREAS 
Vt  WAVE  ANTENNA 

\  9,500  SO  MILES 
6R  MILE  RADIUS 
YAGI  ANTENNA 
15,079  SO  MILES 
•0  MILE  RADIUS 


REDUCTION  IN  SERVICE  AREA  DUE  TO  SKYWAVE  INTERFERENCE  AT  46  MC 


SPORADIC  E  AT  500  TO  1000  MILES 


F  LAYER  AT  3500  MILES 


SERVICE  AREA  FOR* 
RECEIVER  WITH  2/1 
REJECTION  RATIO 
9.677  SO  MILES 
55.S  MILE  RADIUS 


SERVICE  AREA  FOR  RECEIVER  WITH 
1 0/1  REJECTION  RATIO 
3,R4I  SO  MILES 
35  MILES  RADIUS 


.SERVICE  AREA  FOR 
RECEIVER  WITH  2/1 
REJECTION  RATIO 
2,376  SO  MILES 
27.5  MILES  RADIUS 


SERVICE  AREA  FOR  RECEIVER  WITH 
10/1  REJECTION  RATIO 
633  SO  MILES 
14.2  MILES  RADIUS 


Comparison  ol  service  areas  expected  at  46  and  105  Me 
for  transmitting  antennas  500  feet  high  and  receiving 
antennas  30  feet  high.  Six  db  were  allowed  for  irregu¬ 
larities  of  terrain  line  loss,  and  other  factors.  The  outer 
circle  at  46  Me  and  the  middle  circle  at  105  Me  give  the 
service  limits  in  quiet  rural  areas  where  set  noise  is  the 
limiting  foctor,  a  receiver  copable  of  good  performance 
at  2  MV  input  is  used,  and  negligible  interference  is  had 
from  other  stotions 


Distance  in  miles  vs  frequency  for  the  500.  50.  and  5 
per  meter  contours.  The  transmitting  antenna  Is  considsi*^ 
as  a  horizontal  dipole  1000  feet  high;  the  receiving  ontssso 
is  30  feet  high.  Solid  lines  designate  a  station  of  50  k*' 
dashed  lines  shdw  contours  for  a  1-kw  station.  The  doib- 
dot  curve  applies  to  a  250-watt  land  station  in  the  mobil* 
service  xising  a  vertical  dipole  100  feet  high.  The  dotted 
curve  fits  a  50-watt  mobile  stotion  with  a  quorter-wo** 
antenna  atop  the  roof 
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•  •  •  in  a  variety  of  types 
to  meet  every  need 


There’s  an  Ohmite  Rheostat  to 
assure  the  best  unit  for  each 
control  need  .  .  .  from  the  1000 
watt,  12"  diameter,  Model  ’’U” 
to  the  25  watt,  IVie"  diameter. 
Model  "H”.  Made  in  single  or 
tandem  units,  with  uniform 
or  tapered  windings,  in  stock 
or  special  resistance  values.  And 
large  or  small— each  Ohmite 
Rheostat  is  designed  to  give 
smooth,  close  control— long  life 
—and  trouble-free  service.  In 
Resistance  Control,  Ohmite 
Experience  Makes  a  Difference. 

Write  on  company  letterhead 
for  Catalog  and 
Engineering  Manual  No.  40. 


OHMITE  MANUFACTURING  CO. 

4818  Flournoy  St.,  Chicago  44 


tropospheric  propagation  effects, 
long  distance  F  layer  and  sporadic 
E  layer  interference,  all  factors 
which  may  modify  the  theoretical 
ranges,  were  then  considered. 

The  combined  effects  of  such  of 
the  above  factors  as  may  be  gener¬ 
alized  was  given  by  a  comparison 
of  the  expected  service  areas  of  two 
f-m  broadcast  stations  of  equal 
power  operating  at  46  Me  and  105 
Me,  when  the  service  range  is  lim¬ 
ited  by  (1)  set  noise,  (2)  the 
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'20  24  28  32  36  40  44  48  52  56  60  64  68 
Frequency  in  Megacycles 

Estimated  from  National  Bureau  of 
Standenrds  ionosphere  measurements, 
this  graph  show  the  percentage  of 
listening  hours  and  the  number  of 
listening  hours  (6  oan.  to  midnight) 
during  the  last  sunspot  cycle  from 
1933-1944  for  which  the  F  layer  skip 
distance  was  less  than  the  Talues 
shown  for  porticular  frequencies 

50/fiv/m  protected  contour  (3)  F 
layer  interference  and  (4)  sporadic 
E  layer  interference. 

As  given  in  the  chart,  it  was 
shown  that  the  noise-limited  serv¬ 
ice  range  is  greater  at  46  Me  than 
at  105  Me  for  stations  of  1  kw  and 
340  kw  effective  radiated  powers. 
For  the  large  station,  the  area 
within  the  50  /iv/m  contour  is 
greater.  Under  conditions  of  in¬ 
terference  via  sporadic  E  from  a 
station  of  equal  power,  the  large 
station  at  46  Me  is  expected  to  have 
a  reduction  in  its  protected  area 
for  0.1  percent  of  the  time  amount¬ 
ing  to  46  percent  for  a  good  re¬ 
ceiver  (2/1  rejection  ratio)  and  to 
78  percent  for  an  average  receiver 
with  a  10/1  rejection  ratio.  The 
1-kw  station  at  46  Me  will  suffer  a 
5-percent  reduction  in  its  protected 
area  0.1  percent  of  the  time  for  a 


poor  receiver  while  for  a  good  re¬ 
ceiver,  reduction  in  area  occurs  for 
less  than  0.1  percent  of  the  time. 
For  F  layer  interference,  the  area 
of  the  large  station  is  estimated  to 
be  reduced  for  5  percent  of  the  time 
by  86  percent  for  a  good  receiver 
and  by  96  percent  for  the  average 
receiver.  The  small  station  area 
for  5  percent  of  the  time  will  be 
reduced  by  41  percent  for  the  good 
receiver  and  by  84  percent  for  the 
average  receiver.  The  times  during 
which  the  reduction  in  area  is  effec¬ 
tive  is  expected  to  increase  mate¬ 
rially  with  increase  in  the  number 
of  co-channel  stations.  In  contrast 
to  the  serious  interference  situa¬ 
tion  at  46  Me,  sporadic  E  and  F 
layer  interference  is  expected  to  be 
negligible  at  105  Me. 

In  commenting  on  the  data  given 
in  Mr.  Allen’s  paper.  Major  Arm¬ 
strong  referred  to  the  circles  show¬ 
ing  the  expected  service  areas  at 
105  Me  and  stated  that  under  sim¬ 
ilar  conditions  of  antenna  height, 
distance,  and  station  power,  that 
he  never  dared  to  demonstrate  f-m 
performance  using  a  dipole  an¬ 
tenna.  Although  his  transmissions 
were  made  over  what  is  considered 
favorable  terrain  between  Yonkers 
and  Westhampton,  L.  I.,  it  was 
‘necessary  to  use  a  V  antenna  with 
150-ft  legs  for  satisfactory  demon¬ 
strations.  Otherwise,  fades  occur¬ 
red  for  two  or  three  minutes  every 
hour  and  at  times  the  signal 


dropped  out  completely.  He  further 
stated  that  sporadic  E  interference 
seemed  to  offer  no  problem  along  a 
50-/AV  contour. 

Similar  facts  were  brought  out 
at  the  Saturday  session  and  several 
speakers  urged  that  further  study 
of  the  conditions  to  be  encountered 
in  the  proposed  f-m  band  from  84 
to  102  Me  be  made. 

AAF  Instrument  Approach  System 

A  description  of  electronic  equip¬ 
ment  now  being  furnished  to  war 
theaters  and  the  Air  Transport 
Command  was  given  in  a  paper  by 
Lieutenant-Colonel  F.  L.  Moseley, 
Air  Technical  Service  Command, 
Wright  Field.  The  equipment  forms 
the  AAF  instrument  approach  sys¬ 
tem  which  picks  a  pilot  up  at  about 
15  miles  distant  and  3000  feet  up 
from  a  landing  field  and  turns  him 
loose  at  50  feet  and  h  mile,  in  line 
with  the  end  of  the  runway  and  all 
set  for  landing. 

Three  facilities  are  used  to  pro¬ 
vide  this,  a  localizer,  marker  and 
glide  path.  The  localizer  is  similar 
to  an  ordinary  range  with  two  im¬ 
portant  differences ;  it  indicates  the 
course  line  to  the  pilot  visually  in¬ 
stead  of  aurally,  and  it  operates  at 
ultrahigh  frequencies  where  it  is 
out  of  the  range  of  ordinary  static. 

The  localizer  course  is  defined  by 
the  overlapping  of  two  tone-modu¬ 
lated  radio  patterns.  The  continu¬ 
ous  intersection  of  the  two  modula- 


With  ontenneu  mounted  on  the  roof  of  the  track,  the  localixer  transmitter  is  ^ 
out  to  o  point  obout  1000  feet  from  the  upwind  end  of  the  runwoy 
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When  a  carrier-based  plane  hits  the  deck  for  a  landing  —  delicate 
flight  instruments  and  electronic  equipment  are  subject  to  severe 
shock,  as  well  as  vibration.  Because  of  this,  radio  equipment  in  the 
Grumman  TBF  Avenger  is  supported  by  Robinson  Vibrashock*  mount¬ 
ings.  These  new  suspensions  cushion  vital  equipment  against  landing 
shock  and  absorb  over  90%  of  all  engine  and  propeller  impulses. 


Today  aircraft,  radio  and  instrument  manufacturers  and  users  can 
obtain  a  two-purpose  shock  mount.  With  the  Robinson  Vibrashock 
suspension,  you  have  the  only  complete,  fully  engineered  structure 
absorb  vibration  and  cushion  shock  throughout  the 


guaranteed  to 


entire  operating  range  of  aircraft, 


gineers  are  available  to  help  solve  your  vibration 
demonstrate  how  Vibrashock  suspensions  will  better 
of  your  airborne  equipment  and  minimize  opera- 

•Trode  Mork 


ROBINSON 


730  Fiflh  Avenue.  New  York  19.  N.  Y. 
First  National  Building,  Hollywood  28,  Calif. 
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KINNEY 


High  Vacuum 


The  exceptional  performance  of  Kin¬ 
ney  Compound  Dry  Vacuum  Pumps  is 
making  headlines  in  the  electronic  in¬ 
dustry.  Year  after  year,  they  maintain 
extremely  low  absolute  pressures  down 
to  0.5  micron — reliable,  low  pressures 
which  save  production  time,  cut  the 
percentage  of  tube  rejections  and 
reduce  production  costs. 


Send  today  for  Bulletin  IS 


Model  CVD  Compound  Dry 
Vacuum  Pump 

We  also  manufacture  single  stage  vacuum 
pumps,  vacuum  tight  valves,  liquid  pumps, 
clutches  and  bituminous  distributors. 


3565  Washington  St.,  Boston  30,  Mass. 


Branch  Offices:  New  York,  Chicago,  Philadelphia. 
Los  Angeles,  San  Francisco 
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The  glide-path  transmitter  is  installed 
in  this  trailer.  The  mast  supports  as 
obstruction  light  (1)  and  the  upper  an¬ 
tenna  (2).  The  lower  antenna  (3)  and 
a  screen  reflector  (4)  are  mounted  ot 
the  trailer  level 

ness  of  the  localizer  course.  (A  de¬ 
parture  of  approximately  3  deg 
from  the  course  line  on  either  side 
will  give  full-scale  indication.) 

Markers  consisting  of  small  75- 
megacycle  transmitters  are  located 
at  three  places  along  the  localize 
course.  The  outer  marker  is  plac«i 
miles  from  the  field  and  is  identi¬ 
fied  by  a  flashing  rate  of  two  dasb^ 
per  second.  The  middle  marker  is 
located  one  mile  from  the  field  and 
flashes  six  times  per  second.  T^ic 
boundary  marker  is  located 
proximately  200  feet  from  the  en 
of  the  runway  and  gives  a  stead) 
light. 

The  glide  path  is  a  radio  beaff 
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tion  patterns  defines  a  line  or  plane 
in  space,  which  furnishes  the  pilot 
with  guidance  down  the  center  line 
of  the  runway  from  any  distance  up 
to  approximately  75  miles  at  8000 
feet. 

A  cross-pointer  meter  on  the  in¬ 
strument  panel  indicates  the  posi¬ 
tion  of  the  airplane  with  respect  to 
the  localizer  line  by  movement  of 
the  vertical  needle.  This  needle 
moves  in  a  direction  to  point 
toward  the  course  line  when  the 
airplane  is  inbound. to  the  field  for 
a  landing.  One  side  of  the  localizer 
is  designated  the  blue  side  and  the 
other  the  yellow  side. 

The  localizer  is  flown  with  the 
aid  of  the  directional  gyro,  heading 
corrections  being  limited  to  a  very 
few  degrees  because  of  the  sharp¬ 


Torture  Test  -  DOUBLED ! 


The  story  of  a  transformer  yanked  back  and  forth  from  Pole  to  Equator 


Men  of  the  U.  S.  Army  Signal  Corps  say  that  no  mat¬ 
ter  where  they  run  their  lines, "It's  either  too  hot  or 
too  cold."  To  make  sure  equipment  can  take  it,  the 
Corps  runs  the  five-cycle  humidity  test. 

They  were  giving  this  test  to  a  Thermador  trans¬ 
former.  They  put  it  into  a  chamber,  pressed  a  button 
to  get  the  bleak  50°  below.  They  pressed  another 
button,  the  thermometer  shot  to  the  197°  of  a  blazing 
ctluatorial  noon.  Five  times  they  raised  and  lowered  the 
temperature.  They  watched,  through  the  glass  doors, 
water  dripping  onto  the  transformers— condensation. 

^er  forty-eight  hours  they  took  an  ice  pick  to  get 
« the  terminals. 

They  wiped  them  dry,  connected  the  current,  threw 


on  the  switch.  If,  after  this  torture,  the  transformer 
could  take  2,000  volts  it  would  pass  the  test.  They  gave 
it  not  2,000  but  4,000  volts,  doubling  the  test— and,  of 
course,  it  took  it!  buy  more  war  bonds! 


THERMADOR  ELECTRICAL  MANUFACTURING  CO. 
5 7/9  South  Riverside  Drive  •  Los  Angeles 


^THERMADOR 

TRANSFORMERS 

DEFEAT  heat  COID  HUMIDITY 
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descending  at  a  low  angle  in  the 
vertical  plane.  This  path  starts 
from  the  landing  point  on  the  run¬ 
way  and  projects  out  into  space  at 
an  angle  of  approximately  2i  deg 
to  a  distance  of  15  miles  or  more. 
Indications  to  the  pilot  are  given 
by  the  horizontal  needle  of  the 
course-pointer  instrument.  When 
the  plane  is  above  the  glide  path, 
the  needle  points  down  and  when 
the  airplane  is  below  the  glide  path 
the  needle  points  up.  Both  needles 
of  the  cross-pointer  indicator  are 


0.00002  TO  10,000  VOLTS 


Glide-path  antenna  pattern  (equi-signol 
path)  and  cross-pointer  meter  indications 


of  the  runway.  The  marker  trans¬ 
mitters  are  installed  in  jeeps. 

Although  a  skilled  pilot  can  use 
the  instrument  approach  system  to 
make  a  complete  blind  landing  on 
the  runway,  it  is  believed  that  oper¬ 
ationally  this  will  not  be  initially 
attempted,  but  rather  the  system 
will  be  used  as  an  aid  to  low  ap¬ 
proach.  The  final  landing  would  b* 
completed  visually  with  the  aid  of 
landing  lights. 

Aging  of  Quartz  Plates 

Etching  in  the  final  stage  of  cryfr 
tal  manufacture  has  resulted 
better  quality  crystals  for  opera* 
tion  above  6  Me  along  with  fasten 
and  cheaper  production.  Virg^ 
Bottom,  physicist  for  the  Sig®*^ 
Corps,  reviewed  the  causes 
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This  enormous  range  of  voltages — five  hundred 
million  to  one— is  accurately  covered  by  our 
Model  300  Electronic  Voltmeter  and  some  of  the 
accessories  shown  above.  Frequency  range  10  to 
150,000  cycles.  Accuracy  2%  over  most  of  the 
range.  AC  operation.  Five  decade  ranges  with 
logarithmic  scale  make  readings  especially  easy. 
Uniform  decibel  scale  also  provided.  May  also 
be  used  as  a  highly  stable  amplifier,  70  DB 
gain,  flat  to  150,000  cycles. 


BOONTON,  NEW  JERSEY,  U.  S.  A 


Nj  0/v.V  Vj 


PLUS  ALL  THE  EXTRAS  OF  SPECIAL 
WESTIN6H0USE  RESEARCH  FOR  FM 


S|C  For  harmonics  up  to 
30  kc/a  at  ±  75  he/* 
swms.  diatoftion  ia  leaa 
than  1.5%  rma  for  modu¬ 
lating  frequenciea  be¬ 
tween  50  and  1 5.000  cp*. 
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Here  in  a  smartly-styled  package  is  a  basically  new 
approach  to  FM  transmitter  design . . .  combined  with 
all  the  performance  extras  of  special  Westinghouse 
research  for  frequency  modulation. 

Built  in  1,3,  10  and  50  kw  ratings,  this  new  design 
provides  direct  generation  of  the  modulated  carrier 
by  a  simple  and  straightforward  circuit.  Frequency 
corrections  are  independent  of  critical  tuning.  Dis¬ 
tortion  is  low.* 

Metal-plate  rectifiers — first  introduced  by  West¬ 
inghouse  for  high-voltage,  high-current  AM  applica¬ 
tions  -virtually  eliminate  outages  caused  by  rectifier 
(tube)  failures.  Space  and  cooling  requirements  are 
reduced,  operating  costs  are  lowered. 

Your  nearest  Westinghouse  office  has  complete 
details  of  this  new  triumph  in  FM  transmitter 
design  in  booklet  B-3529.  Or  write  Westinghouse 
Electric  &  Manufacturing  Company,  Radio  Division, 
Baltimore,  Maryland.  j-08i03 

XXV  -  RADIO’S  25TH  ANNIVERSARY  •  KDKA 


OF  VARIABLE  RESISTORS 
AND  BAND  SWITCHES 


SPEED-SECURITY-SAVINGS! 

Type  WT  PALNUTS  greatly  simplify 
and  speed  up  the  mounting  of  variable 
resistors  and  band  switches  to  the 
chassis.  These  one-piece,  self-locking 
nuts  replace  a  regular  nut  and  lock- 
washer.  Assembly  is  much  faster  be¬ 
cause  one  part  is  handled  instead  of 
two  and  assembly  can  be  made  with 
power  tools. 

Type  WT  PALNUTS  are  single  thread 
nuts  made  of  resilient,  tempered  spring 
steel,  accurately  formed  to  fit  f" — 32- 


TO  MANUFACTURERS  OF  VARIABLE 
RESISTORS  AND  BAND  SWITCHES  - 

Type  WT  Palnuts  are  ideal  for  replace¬ 
ment  parts.  Include  them  in  shipments  to 
service  trade. 


Vt  -il  THIEAD 

TYPE  WT 

PALNUTS 


thread  bushings.  They  run  onto  work 
easily,  without  damage  to  parts. 
Smooth,  flat  base  fits  snugly  against 
chassis.  Double  locking  spring  action 
holds  tight  under  vibration.  Costs  less 
than  regular  nut  and  lockwasher — re¬ 
quires  no  more  space. 

WRITE  on  business  stationery  for 
samples  of  Type  WT  PALNUTS  and 
engineering  data. 

THE  PALNUT  COMPANY 

77  Cordier  St.  Irvington  11,  N.  J. 


!  changes  in  activity  and  frequency 
with  crystal  aging  and  showed  how 
etched  crystals  in  water-tight 
holders  did  not  have  these  objec- 
I  tionable  features. 

I  Crystals  cut  from  quartz  by  dia- 
;  mond  saws  and  mechanically  lapped 
usually  increase  in  frequency  and 
decrease  in  activity  with  age.  Ex¬ 
amination  shows  that  the  surface 
has  been  permanently  stressed  by 
the  lapping  and  eventually  the  crys¬ 
tal  surface  becomes  loose  powder. 
Etching  in  machines  into  which 
semi-finished  crystals  are  fed  and 
from  which  they  come  ready  to  be 
assembled  into  complete  units  has 
eliminated  this  trouble  with  crys¬ 
tals. 

Moisture  condensing  inside  the 
holder,  or  causing  it  to  warp,  and 
the  loading  of  the  crystal  plates  by 
substances  given  off  by  the  usually 
used  phenolic  holders,  cause  failure 
of  the  unit.  To  make  full  use  of 
AT  cuts,  where  formally  the  thicker 
BT  cuts  had  to  be  used,  the  holders 
should  be  hermetically  sealed. 

Vacuum-Contained  Triode 
Transmitter 

Pulse  and  c-w  operation  in  the 
region  of  200-700  Me  operation  is 
provided  by  a  triode  with  the  trans¬ 
mission  line  built  into  the  vacuum 
tube.  The  design  and  operation  of 
this  tube  were  presented  in  a  paper 
prepared  jointly  by  Major  H.  A. 
Zahl,  J.  E.  Gorham  and  G.  F. 
Rouse  of  Signal  Corps  Ground  Sig¬ 
nal  Agency,  Asbury  Park,  N.  J. 

The  tube  illustrated  contains 
four  triode  sections.  Tantalum 
shorted  parallel-wire  transmissios 
lines  are  attached  to  plate  and  grid- 
The  coupling  between  the  plate  and 
grid  loops  provides  the  feedback 
for  the  oscillator.  The  dimensions 


Sdf-locking  PALNUTS 


Shorted  grid  and  plate  reionont  Bd*» 
ore  built  within  the  glass  envelop* 
this  "tube"  to  obtain  the  shortest  ^ 
sible  electrode  connectiox»s  lor  opetw* 

between  200  and  700  Me 
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yes,  WHITAKER  makes  them 


If  YOUR  production  needs  include 

★  WIRING  HARNESSES  ir  CABLE  ASSEMBLIES 
if  BONDING  JUMPERS  ★  CABLE  or  TERMINALS 

■■you'll  find  WHITAKER  a  dependable  source 

lust  as  the  Water  Buffalo  is  accomplishing  great  factorily  produce  even  the  most  exacting  wiring 
things  on  land  and  sea,  so  are  Whitaker  Harnesses  jobs  so  economically  that  we  not  only  save  you 
and  Cable  Assemblies  . . .  Investigate,  and  YOU  time  and  grief,  but  SAVE  YOU  MONEY. 

TOO,  will  find  Whitaker  is  a  depend-  In  addition  to  an  engineered  wiring 

able  source.  service,  Whitaker  also  offers  a  quality 

We  have  ample  production  facilities,  a  line  of  standard  cable  products  .  .  .  We 

quarter  of  a  century  of  experience,  cordially  invite  you  to  write  and  advise 

shilled  personnel — and  are  able  to  satis-  your  needs. 


Illattraliott  at  right  shows 
CDS  of  many  Whitaker  Har- 
DtBses  being  used  in  the  pro¬ 
duction  of  Water  Buffalos 
made  for  our  fighting  forces 
by  Food  Machinery  Corp. 


WHITAKER  CABLE  CORPORATION 

General  Offices:  1307  Burlington  Avenue,  Kansas  City  16,  Missouri 
Factories:  Kansas  City,  Mo.  •  St.  Joseph,  Mo.  •  Philadelphia  •  Oakland 
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WRITE  FOR 

DESCRIPTIVE 

BULLETIN 


of  the  two  transmission-line  cir¬ 
cuits  determine  the  frequency  of 
operation  of  the  tube.  However,  by 
tuning  the  external  filament  lines 
an  approximate  range  of  30  Me  can 
between  half-power 


be  obtained 
points.  The 
proximately  25  percent  efficiency 
with  several  kilovolts  applied  to  the 
plate. 

Filament  leads  are  run  out  per¬ 
pendicularly  to  the  plate  and  grid 
transmission  lines  to  reduce  the 
corona.  The  plate  output  leads  are 
also  brought  out  from  the  trans¬ 
mission  line  in  such  a  way  as  to 
provide  reduced  r-f  voltage  at  the 
point  of  connection,  thereby  reduc¬ 
ing  the  tendency  toward  r-f  corona 
at  the  points  of  connection. 

In  operation,  a  shield  box  sur¬ 
rounding  the  tube  was  found  to  in¬ 
crease  the  available  power  output. 
The  shield  consisted  of  a  rectangu¬ 
lar  metal  box  with  a  transverse 
shelf  which  held  the  tube  and  sep¬ 
arated  the  cavity  of  the  filament 
line  from  the  cavity  containing  the 
tube  and  output  circuit.  This  lat¬ 
ter  cavity  acts  as  a  bazooka  or  r-f 
choke  at  the  end  of  the  concentric 
accomplishing 


VOLTAGE  REGULATED 
POWER  SUPPLIES 


output  line, 
transition  from  the  balanced  out¬ 
put  of  the  tube  to  the  unbalanced 
concentric  transmission  line. 

Chesapeake  Bay  Radio  Relay 

That  the  trend  in  operation  of 
radio  relay  stations  has  been  to¬ 
ward  the  higher  frequencies  was 
illustrated  by  a  series  of  compara¬ 
tive  tables  shown  by  Ralph  Bown 
of  Bell  Laboratories. 

He  explained  that  ideal  require¬ 
ments  for  radio  relay  performance 
are  sharp  directivity,  a  low  and 
steady  noise  level,  small  and  low 
transmission  disturbances  and  un¬ 
limited  frequency  space.  The  com¬ 
parative  table  showed  that  from 
1915  onward  each  of  these  four  re¬ 
quirements  was  more  closely  lu*' 


Identical  in  electrical  performance,  these  units  differ  only  in  panel 
arrangement.  Model  1100  is  a  table  model  for  use  In  the  laboratory, 
whereas  Model  1110  is  designed  for  rack  mounting.  Continuous  opera¬ 
tion,  excellent  regulation  and  extremely  low  noise  level  qualify  them  for 
reliable  service  wherever  efficient  operation  is  essential.  These  supplies 
can  be  used  as  sources  of  "B”  or  “C"  voltage,  inasmuch  as  the  regu¬ 
lated  high  voltage  and  the  unregulated  heater  winding  are  isolated  from 
each  other  and  from  the  chassis.  Two  supplies  may  be  connected  in 
series  to  double  the  voltage  obtainable  from  one  supply. 

SPECIFICATIONS: 

Power  Input  —  105-1 15-125  volts,  50-60  cycles. 

Power  Output  — 200  MA  from  225  volts  to  300  volts,  1 80  MA  from 
300  volts  to  320  volts. 

Total  noise  content  in  output  is  less  than  5  millivolts.  Regulation 
within  1  %  from  no  load  to  full  load. 

Unregulated  A.C.voltagefrom  6.3V  5Ampere  centertapped  windings. 
Tubes  —  One  83  rectifier,  three  6B4G  series  regulator  tubes,  one 
6SL7  twin  triode,  one  VR 105-30  voltage  regulator,  one  VR 150-30 
voltage  regulator. 

MODEL  MOUNTING  LENGTH  HEIGHT  DEPTH 

1 1 00  Cabinet  1 6  Vi  "  8  VaH  9  Vi  " 

1110  Rack  1 9"  8  0  iA " 


by  going  continually  to  higher  fr*" 
quencies. 

Following  this  introduction  fouf 
papers  were  presented  by 
of  Bell  Laboratories  describin? 
the  Cape  Charles-Norfolk  multiple* 
radio  relay  system.  The  first  o 
these  papers  by  N.  F.  Schlaack  an 
A.  C.  Dickieson  dealt  with  the  eng' 
neering  economics  afforded  by  m 
tiplex  telephone  transmission, 
the  second  paper,  Charles  R- 
rows  and  Alfred  Decino  conside 
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COMMUNICATION 

MEASUREMENTS 

LABORATORY 

Rotpbridit  •  ElMtronic  Ctn«rat*rt  •  Powar  Supply  Units 
120  GREENWICH  ST.,  NEW  YORK  6,  N.  Y. 


1.  Low  dielectric  con¬ 
stant  and  power  factor 


2.  Low  water 
absorption 
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four  important 
superiorities  of 


RE$IN0X-7934 

-  1 

for  electrical  applications 
for  military  and  naval  end  use 


Dielectric  constant  at  1  K.C. 
-4.35  to  4.50 

Dielectric  constant  at  1  M.C. 

~  4.20  to  4.50 
Power  factor  at  xx  1  K.C. 

—  0.015  to  0.017 
Power  factor  at  xx  1  M.C. 

—  0.0080  to  0.0085 


3.  Heat 
resistance 


Relatively  high  heat  resist¬ 
ance — important  where  leads 
are  assembled  to  molded 
parts  by  a  hot  soldering  iron. 


—  only  0.030%  by  weight 
after  24  hours’  immersion 


4.  Molding 
Superiority 


Kase  and  economy  in  mold¬ 
ing  superior  to  ordinary 
mica-filled  phenolics  hereto¬ 
fore  available  to  compres¬ 
sion  molders. 
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To  provide  unfailing  insulation  for  medium  and  high 
frequency  apparatus,  under  the  severest  operating  con¬ 
ditions,  including  especially,  high  humidity  . . .  that’s 
the  war  assignment  of  Resinox  7934. 

This  compound  (mica-filled),  based  on  a  new  phenol 
formaldehyde  resin  developed  by  Monsanto’s  plastic 
research,  is  available  now  in  commercial  quantities  to 
molders  of  apparatus  for  military  and  naval  end  use. 
Resinox  7934  is  suitable  for  both  transfer  and  com¬ 
pression  molding. 

For  full  details  write,  wire  or  phone:  Monsanto 
Chemical  Company,  Plastics  Division,  Springfield  2, 
Massachusetts. 


The  brood  and  versatile  family  of  Monsanto 
Plastics  includes:  Lustron  polystyrenes  •  Cerex 
heat  resistant  thermoplastics  •  Vinyl  acetals 
Nitron  cellulose  nitrates  •  Fibestos  cellulose  ace¬ 
tates  •  Resinox  phenolics  *  Tholid  for  impression 
molding  •  Resimene  melamines.  Forms  in  which 
they  ore  supplied  include:  Sheets  •  Rods  •  Tubes 
Molding  Compounds  *  Industrial  Resins  *  Coating 
Compounds  •  Vuepok  rigid,  transparent  pock* 
oging  materials. 
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Plastics 
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60  56  52  282420  16  12  8  4  48l2l6202(  2832  »il; 

Frequency  in  Kilocycles  from  Corner 


Double  sideband  transmission  of  ikt 
multiplex  signol 

ceivers  were  designed  to  accept 
and  deliver  the  twelve  channels 
the  type  K  carrier  system  which  li* 
in  the  range  from  12  to  60  kc.  Th« 
arrangement  of  sidebands  in  tb* 
radio  transmission  is  shown  in  tb< 
illustration. 

The  radio  link  was  engines® 
on  the  basis  that  it  should  be  » 
least  as  good  in  performance 
1000  miles  of  the  type-K  syste^ 
This  imposed  unusual  requirenaen 
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the  effect  of  system  non-linearity 
on  distortion  and  cross-talk,  and  n, 
the  methods  for  combating  non-  | 
linearity.  The  last  two  papers  pre-  ’i 
pared  by  D.  M.  Black,  G.  Rodwin,  | 
W.  T.  Wintringham,  and  R.  J.  |; 
Kircher,  R.  W.  Friis  respectively,  H 
described  the  recieving  and  trans-  | 
initting  equipment.  I 


Engineering  Economics 


Multiplex  radio  transmission 
promises  the  same  savings  afforded 
by  '  multiplex  wire  transmission. 
However  even  with  directive  anten¬ 
nas,  the  required  radio  frequency 
power  is  large  and  costly.  Effi¬ 
ciency  is  therefore  of  great  im¬ 
portance.  It  is  impractical  to  re¬ 
duce  intermodulation  by  operating 
transmitter  output  tubes  at  low- 
signal  amplitudes.  Schemes  for 
spreadband  operation  have  been 
used  to  avoid  the  most  serious  in¬ 
termodulation  products  but  at  the 
cost  of  greater  bandwidth.  How¬ 
ever,  negative  feedback  can  be  ap¬ 
plied  to  reduce  intermodulation  to 
a  satisfactory  value  even  at  signal 
amplitudes  approximating  the  rated 
output  of  the  tube  in  the  final 
transmitter  stage. 

The  path  across  the  mouth  of 
Chesapeake  Bay  is  particulariy 
suitable  for  multiplex  radio.  Tele¬ 
phone  traffic  to  and  from  Cape 
Charles  had  been  routed  by  wire 
circuits  450  miles  around  the  bay. 
Locating  radio  equipment  at  Cape 
Charles  and  East  Ocean  View,  Va., 
replaced  this  circuitous  land  route 
by  a  radio  link  of  26  miles  and  12 
miles  of  wire. 

The  radio  transmitters  and  re- 


or  were  producing 
less  war  material 
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"tyjiere  Quality  is  a  Responsibility  and  Fair  Dealing  an  Obligatioi 


We  could  supply  you 

with  more  Webster  Electric  Pickups 


ELECTRIC 


But  Webster  Electric  Pickups  must  continue  to  give  the  clear, 
high  quality  tone  reproduction  that  only  the  best  crystal  pick¬ 
ups  can  give,  and  we  simply  cannot  produce  them  in  the  quan¬ 
tities  you  want  until  there  is  no  longer  any  need  for  the  war 
material  that  absorbs  our  production  capacity  now.  In  the 
meantime,  we  are  learning  a  lot  of  new  things  that  will  make 
our  products  even  finer. 


In  developing  your  new  prod¬ 
ucts  you  will  need  to  know 
the  latest  developments  in  fine 
sound  reproducing  equip¬ 
ment.  Write  us  about  Webster 
Electric  Pickups  today.  Let  us 
give  you  full  information. 


Let’s  All  Back  the  Attack 
Buy  Extra  War  Bonds 


•  Or  we  could  be  less  pre¬ 
cise  in  the  construction  of 
our  Pickups,  we  could  be 
less  insistent  on  obtaining 
just  the  right  balance,  just 
the  right  needle  pressure, 
we  could  be  satisfied  to 
check  less  carefully  on  the 
materials  used.  And  if  we  were,  we  could  probaHy  build  more 
Pickups  in  the  few  hours  available  for  this  work. 


i»/.«  t$f  Ih*  Hru*>h  Ih  trt 


WEBSTER 


lUt^ 


2.  Permanent  hermetic  seals  against  gas,  oil  and 
water  between  glass  and  metal  or  glass  and  glass. 

3.  Commercial  fabrication  to  the  fine  tolerances  of 
precision  metal  working. 

4.  Coming’s  metallizing  process  produces  metal 
areas  of  fixed  and  exact  specification,  permanently 
bonded  to  glass. 


There  are  times  in  the  lives  of  all  good  engineers 
when  a  crystal  ball  would  come  in  mighty  handy. 
We  know  because  we’ve  had  many  a  problem  where 
it  looked  like  aid  from  the  occult  was  the  only  solu¬ 
tion.  Instead,  we  found  that  sound  engineering  plus 
the  outstanding  physical  properties  of  Coming’s 
electrical  glasses  usually  supplied  the  answers. 

These  same  glass  qualities  are  ready  to  help  you 
produce  better  postwar  electronic  products.  Which 
do  you  need? 

1.  High  dielectric  strength— high  resistivity— low 
power  factor — wide  range  of  dielectric  constants — 
low  losses  at  all  frequencies. 


Write  us  about  your  problems.  We’d  be  interested 
in  seeing  if  glass  can  help  you.  Address  Electronic 
Sales  Dept.,  E-3,  Bulb  and  Tubing  Division,  Coming 
Glass  Works,  Coming,  N.  Y. 
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IT  IS  BETTER 
TO 


in  respect  to  noise,  distortion  and 
intermodulation  on  both  transmit¬ 
ter  and  receiver. 

At  the  southern  end  of  the  cir¬ 
cuit,  the  carrier  equipment  is  in¬ 
stalled  in  the  Norfolk  toll  office  so 
that  transmission  to  East  Ocean 
View,  a  distance  of  about  eleven 
miles,  is  at  the  K-carrier  fre¬ 
quencies.  At  Cape  Charles,  the  car- 


Make  Plans  Now 
for  the  coming  . 


PLASTIC  EBA 


THAN  TO  lECEIVE 


nsu 


To  GIVE  a  beautiful  repro¬ 
duction  of  high  quality 
sound  from  a  low  bass  re¬ 
sponse  of  40  cycles  up  to  a 
high  frequency  range  of 
1 5,000  cycles  plus,  will  pay 
broadcasters  and  manufac¬ 
turers  of  home  radio,  FM 
and  Television  receiving 
sets.  The  American  public  is 
willing  to  give  in  proportion 
to  what  it  RECEIVES.  That’s 
why  the  Duplex,  the  SPEAK¬ 
ER  that  REVOLUTIONIZES 
the  methods  of  sound 
REPRODUCTION,  was  per¬ 
fected. 


•  Here  at  Rogan,  seasoned 
engineers  are  ready  and  will¬ 
ing  to  assist  you  in  deter¬ 
mining  your  post-war  Plastic 
requirements. 


Complete  unattended  remote  controlled 
transmitter 


rier  equipment  is  located  at  the 
radio  station  so  that  transmission 
to  the  Cape  Charles  Central  Office, 
a  distance  of  1.5  miles,  and  to  the 
Onancock  central  office  40  miles 
away  is  at  voice  frequencies. 

Radio  transmission  from  Cape 
Charles  to  East  Ocean  View  is  on 
a  frequency  of  156,300  kc  and  in 
the  reverse  direction  on  160,650  kc. 
This  does  not  represent  the  mini¬ 
mum  possible  frequency  spacing 
for  this  equipment. 

The  transmitters  are  crystal  con¬ 
trolled  and  have  a  carrier  power 
output  of  50  watts.  The  crystals 
are  temperature  controlled  to  im¬ 
prove  frequency  stability  and  there¬ 
by  minimize  the  bandwidth  and 
hence  the  noise  acceptance  of  the 
receiver.  Both  transmitters  are  de¬ 
signed  to  operate  into  a  balanced 
impedance  of  140  ohms. 

The  input  circuits  of  the  re¬ 
ceivers  were  designed  to  connect  to 
a  single  72  ohm  coaxial  transmis¬ 
sion  line.  Triple  detection  was 


Whether  your  peacetime 
products  are  to  include  elec¬ 
tronic  equipment,  electrical 
appliances,  stoves  or  what 
have  you,  the  Rogan  Organi¬ 
zation  will  gladly  provide 
cost-free  advice  on  all  phases 
of  plastic  production. 


SEND  FOR  BULLETINS 


Send  us 

Your  Specifications  Today! 


ROGAN  BBOTHEBS 


Compression  Molders  and  Brandert 
of  Plastics 

2003  So.  Michigan  Avenue 
Chicago,  Illinois 


LANSING  COPPOGATION 


1210  TAFT  BIOG..  HOUYWOOO  28,  CALIF, 
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Freedom  to  plan  for  peace 


Precision  optics  for  war  keep  us  busy  —  very  busy. 

Difficult  assignments  from  the  Army,  Navy  and  war 
contract  manufacturers  keep  coming  in.  But  we  still  find 
time  to  think  and  plan  for  the  days  when  our  improved 
skills  and  techniques  will  be  applied  toward  the  bet¬ 
terment  of  peace-time  products. 

With  our  record  for  meeting  the  exacting  demands  of 
war  goes  also  the  obligation  to  do  our  share  in  helping 
industry  reconvert  speedily  fora  prosperous  peace.  We 
''vill  be  ready  when  restrictions  are  removed. 


Manufacturers  who  bring  their  post-war  optical  prob¬ 
lems  to  us,  find  a  cooperative  attitude  and  a  rich  back¬ 
ground  of  experience  that  are  a  great  aid  to  sound 
product  planning.  Our  compact  group  of  precision  lens 
technicians  have  been  trained  in  a  plant  that  special¬ 
izes  in  supplying  optical  components  to  those  who  make 
complete  products.  Nothing  else  is  made  here. 

We  have  done  much  development  work  in  electronic 
optics  and  in  other  optical  fields.  Possibly  you  have 
a  problem  for  which  we  already  have  a  solution. 


/ 

for  precision  OPTICS  come  to 

AMERICAN  LENS  COMPANY,  INC. 

45  Lispenard  Street,  New  York  13,  N.  Y. 


QUALITY 


water. 


•  The  Industrial  Condenser 
Corporation  manufactures  a 
complete  line  of  Oil -filled, 
Electrolytic, Wax  and  Special 
Mica  Capacitors  for  all  in¬ 
dustrial,  communications 
and  signalling  applications 
up  to  250,000  volts  working. 
Complete  laboratory  and 
engineering  facilities  avail¬ 
able  for  solution  and  design 
of  capacitor  problems  for 
special  applications. 


.5  MFD.  50,000  VOLTS 
DC  WORKING 


(Illustrated  above)... 28  inches 
high,  weight  175  pounds,  built  by 
Industrial  Condenser  Corpora¬ 
tion  to  meet  JIavy  specifications. 
Oil-filled,  oil  impregnated.  Built 
for  24  hour  continuous  operation 
and  total  submersion  in  salt 


An  Industrial  Condenser  for 
every  Industrial  application. 


adopted  for  image  suppressicio. 

Separate,  directive,  horizontal^, 
polarized  antennas  are  used  for 
transmitting  and  receiving.  The 
two  antennas  at  each  radio  terminal 
are  mounted  one  above  the  other  oo 
a  single  196-foot  steel-lattice 
tower.  The  upper  antenna  at  each 
end  is  used  for  transmitting  and 
the  lower  one  for  receiving  to 
equalize  transmission  losses. 

The  arrays  consist  of  forty-eight 
one-half-wave  elements  arranged  ia 
two  parallel  vertical  planes  one- 
quarter  wavelength  apart.  The  de¬ 
ments  in  the  plane  farthest  from 
the  tower  are  driven  in  pbaie 
whereas  those  in  the  rear  plane  act 
as  reflectors.  i 

The  elements  are  made  of  one-i 


Antenna  towere  corry  directional  n- 
ceiving  and  tronsmittlng  anep 

half  inch  diameter  copper  tubiH 
supported  on  a  wooden  framework 
by  stand-off  insulators.  The  woodw 
framework  for  each  antenna  is  ® 
turn  supported  by  six  horizontfl 
timbers  which  extend  across  tk* 
sides  of  the  tower  and  are  boltf^ 
to  the  legs  of  the  tower.  The  upp® 
antenna  framework  is  somewbfi 
larger  than  the  lower  in 
it  can  support  four  additional  ro® 
on  the  bottom  to  give  additional  ft' 
tenuation  between  the  two  ant^ 
nas.  A  long  ground  rod  across 
top  is  for  lightning  protect*^ 
Each  antenna  has  a  gain  of  17 
over  a  single  half-wave  element 
the  same  mean  height. 

A  pair  of  l-inch  coaxial  transi® 
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PAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 


INDUSTRIAL 

CONDENSER 


CORPORATION 

3243-65  NORTH  CALIFORNIA  AVE.,  CHICAGO  18,  U.S.A 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 


TEAM  WORK... FOR  PANEL  PRECISION 

l"New  Techrad  Knob  .  .  .  2— Techrad  Interpolating  Counterdial  .  .  .  3“Techrad  Dial  Lock 

The  new  Techrad  Knob  together  with  the  Techrad  ously  established  setting;  together  with  many  other 
I  Interpolating  Counterdial  and  the  Techrad  Dial  Lock  important  advantages. 


form  a  team  to  insure  precision  tuning. 

Every  detail  is  master  engineered.  Every  feature  of 
riiis  new  Techrad  Knob  is  carefully  planned  for  ease  . 
of  operation.  As  illustrated,  the  knob  is  slotted  to  fit 
the  male  end  of  the  shaft...  a  feature  which  completely 
absorbs  rotary  pressure.  The  knob  is  available  with  a 
biilt-in  crank- handle  at  no  additional  cost  for  use 
''here  rapid  spin-setting  of  the  dial  is  required.  Stock 
sizes  are  of  molded  bakelite  with  a  2" 
skirt  and  fit  a  K"  or  H**  shaft.  XE  C  H 

TheTechrad  Interpolating  Counterdial  ^  I 
combines  the  familiar  drum  counter  with  /  I 

sflat  interpolating  disc  scale  to  provide:  /Illil  I 

200  accurate  settings  with  each  turn  of  I 

sbe  dial;  an  accurate  log  of  any  position,  I 

snaking  it  possible  to  return  to  a  previ- 


TECHRAD 


The  Techrad  Dial  Lock  is  a  superior  lock  for  use 
with  flat  disc  dials  of  various  thicknesses.  It  will  not 
drag  or  scrape  when  disengaged  nor  distort  or  bend 
the  dial  scale  when  locked.  The  locking  discs  not 
rotate  which  insures  positive  settings. 

Originally  designed  as  a  team,  each  unit  is  readily 
adaptable  to  individual  application  and  may  be  pur¬ 
chased  separately  or  as  a  unit.  Write  today  for  com¬ 
plete  inforrrtation  and  price  data.Whether 
RAD  your  problem  is  that  of  a  complete  in- 

|t||w  stallation  or  the  need  of  a  better  knob . . . 

^  Techrad  will  gladly  offer  advice  and 

lllllll||[|lll\  engineered  assistance.  A  letter  or  sketch 

^  ^  outlining  your  requirements  will  be 

Jly  treated  confidentially  and  receive  prompt 

W  attention. 


TECHNICAL  RADIO  COMPANY 

Over  ten  years  of  continuous  experience 
275  Ninth  Street  •  San  Francisco  3,  California 

Export  Agents:  Frazar  &  Hansen,  301  Clay  St.,  San  Francisco  1 1,  California.  U.  S.  A. 

I  Phonics -worcA  ms 


SOUND  VALUES  at 


Deluxe  30>watt  power  amplifier 

Six  input  channels  —  4  microphone;  2  phonograph 

Controls — 4  microphone  gain ;  1  dual  phono  gain ; 

1  master  gain;  1  treble  cut  &  boost;  1  bass  cut  &  boost 

Double  tone  control  for  finest  equalization 
Wide  range,  hum  and  distortion  free  response 

4  —  8  ohm  speaker  sockets  with  switch  to  select  speakers  and 
proper  impedances  simultaneously 

500  ohm  terminal  strip  for  multiple  speaker  systems 

Gray  wrinkle  steel  case  with  handles  and  hinged  top 
Size  20  X 10%  x  10%,  for  105-125V  60  cycles  AC 

Tubes  —  6-6SQ7;  1-6SJ7;  2-6L6G;  1-5Z3 

MODEL  6729  —  PRICE  $57.15  NET  WITH  TUBES.  F.O.B.  N.  Y. 


UTAH  PUBLIC  ADDRESS  SPEAKERS 


Voice  CoU 
ImpefUnce 


Magnet  Price 
Weight  F.O.B.N.Y. 


Terminii  Has  Mkrophoies  ia  Stock! 


Terminal  #MS1  Floor  Stand 


Shure  S5C  Unidyne  —  Acclaimed  aa  the 
beat. 

Price.  $29.10  —  F.O.B.  New  York 


11  Ib.  12"  diameter  baae. 

Chrome  pipe  aection.  Poaitive  locking 
clutch. 

Price.  $6.81  —  F.O.B.  New  York 


Shure  717B  Cryatal  Economy  Hand 
Microphone 

Price.  $5.85  -  F.O.B.  New  York 


#MS2  Adjustable  Table  Stand 


All  chrome  —  weighted  baae. 
Price.  $3.72  —  F.OJB.  New  Y 


Turner  BX  Cryatal  Economy  Microphone 
Fits  all  stands 

Price.  $5.85  —  F.03.  New  York 


#MS3  Table  Stand 


Same  as  MS2.  but  not  adjustable 
Price.  $2.95  —  F.O.B.  New  York 


Electro-Voice  V-1  Velocity  Ribbon 
Microphone 
Finest  of  its  type. 

Price.  $16.17  —  F.O.B.  New  York 


URGE  SELECTION  OF  OTHER  TYPES 
BY  ALL  MANUFACTURERS  IN  HOCK! 


Terminal  Utility  Wail  Baffles 

Heavy  plywood  construction. 

Tan  imitation  leatherette  finish. 

For  8-inch  speaker  —  price.  $2.00  — 
F.O.B..  N.Y. 

For  10-inch  speaker  —  price.  $2.80 
F.O.B..  N.Y. 

For  12-inch  speaker  —  price.  $3.20 
F.O.B..  N.Y. 


•  PRIORITY  REQUIREMENTS  CHANGE  DAILY 
•  WRITE  FOR  CATALOG  ON  TERMINAL  SOUND  SPECIALS 
•  WRITE  US  FOR  UP-TO-DATE  INFORMATION  ON  THE  ITEMS  YOU  NEED 


85  CORTUNDT  HREET,  NEW  TORK  VN.  Y.  ^TNajdlBM  WOflll  2-4415 


sion  lines  connect  the  transmitter 
to  its  antenna  while  a  single  S-inch 
line  is  used  in  the  case  of  the 
receiver.  These  lines  are  kept  un¬ 
der  gas  pressure. 

A  control  over  cable  circuits  en¬ 
ables  the  radio  operator  at  Norfolk 
to  shut  off  the  Ocean  View  trans¬ 
mitter.  By  communication  with  the 
switchboard  operator  at  Cape 
Charles,  either  over  these  circuits 
or  via  an  overland  wire  circuit,  or¬ 
ders  to  shut  off  the  Cape  Charles 
transmitter  can  be  given.  This 
transmitter  power  is  controlled 
over  wire  circuits  by  a  key  in  the 
Cape  Charles  switchboard. 

A  continual  check  on  the  distant 
transmitter  is  supplied  at  both  at¬ 
tended  locations.  An  alarm  is  givoi 
if  the  frequency  deviation  exceeds 
±0.002  percent  or  if  the  distant 
carrier  is  absent  altogether. 

In  addition  to  these  features 
which  give  the  technical  operators 
at  Norfolk  control  over  the  system, 


Unattended  crystal  controlled  recsW 
for  the  radio  link 


there  are  transmission  alarms 
controls  to  facilitate  maintenance 
By  means  of  piolet  signals,  in<W*’ 
tion  is  given  of  an  open  in  the  sF 
tern  and  on  which  side  of  the 
barrier  it  has  occurred. 

At  the  western  end  of  the  ctf' 
cuit,  alarms  are  provided  both 
Ocean  View  and  the  Norfolk  ^ 
office  for  an  open  radio  staw* 
door,  high  radio  cabinet  temp*^ 
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against  the 

BLACK  HAND  OF 
CORROSION 


R'-B.  U.  Si.  Pal.  Off 


served  by  Lumarilh  C.A.  insulation. 

Lumarilh  C.A.  films'  and  foils'  high 
dielectric  strength  (2800-3300 
volts/mil.)  and  high  softening  point 
(146-177°  C.  depending  on  formula¬ 
tion)  recommend  them  for  many  types 
of  coil  insulation.  Available  also  in 
sheets,  rods,  tubing,  and  molding  ma¬ 
terials.  Films  and  foils  are  furnished 
plain  or  with  special  mat  finish  that's 
easy  to  see  and  slip  resistant.  Write  for 
the  reference  booklet  "Lumarith  for 
the  Electrical  Industry."  Celanese 
Plastics  Corporation,  a  division  of 
Celanese  Corporation  of  America,  180 
Madison  Avenue,  New  York  16,  N.  Y. 


Lumarith  c.a.  (cellulose  ace¬ 
tate)  insulation  is  effective  pro¬ 
tection  against  electro-chemical  corro¬ 
sion,  the  greatest  cause  of  electrical 
failure.  It  is  another  example  of  how 
synthetic  materials  can  frequently  do 
a  better  job  than  natural  materials,  be¬ 
cause  they  can  be  created  from  the 
start  to  meet  definite  objectives. 

Lumarith  C.A.  is  not  subject  to  the 
built-in  hazard  of  organic  decomposi¬ 
tion.  It  resists  moisture  and  contains 
no  substances  which  combine  with 
moisture  to  form  free  acids.  Applica¬ 
tions  involving  fine  wire,  humidity 
and  direct  current  are  particularly  well 


FOR  THE  SOLUTION  OF  YOUR  ANTENNA  PROBLEMS 
.  .  .  FOR  THE  DESIGNING.  ENGINEERING,  AND  BUILD¬ 
ING  OF  ANTENNA  EQUIPMENT _ CONSULT  ANDREW 


\  / 


•  Curve  shows  standing  waves 
determined  by  probing  electro¬ 
static  iield  in  "piccolo"  (section 
of  transmission  line  with  holes 
drilled  in  outer  conductor).  Wavy 
curve  represents  initial  condi¬ 
tions  before  adjustment;  straight 
line  shows  the  final  result  after 
adjustment  of  matching  unit. 


m. 

ANDREW  CO. 

J 

363 

East  75th  Street,  Chicago  19,  Illinois 

M 

iQn  ANDREW  SOLUTION 

ta  041. 

ANTENNA  PROBLEIVI 


Faced  with  a  difficult  antenna  problem, 
E.  H.  Andresen,  Chief  Engineer  of  Chi¬ 
cago's  Board  of  Education  Station  WBEZ,  called 
on  Andrew  engineers  for  a  solution.  The  prob¬ 
lem  was  that  of  coupling  a  70-ohm  unbalanced 
coaxial  transmission  line  to  the  much  smaller 
balanced  impedance  of  the  anteima.  Uncer¬ 
tainty  of  the  exact  value  of  the  antenna  impe¬ 
dance  made  the  problem  difficult,  and  called 
for  some  kind  of  an  adjustable  coupling  device. 

Andrew  solved  the  problem  by  constructing  a 
quarter  wave  impedance  transforming  section 
with  a  concentric  "bazooka"  for  the  balance  con¬ 
version.  Adjustments  were  made  by  varying  the 
average  dielectric  constant  in  resonant  section. 

This  problem  is  but  one  of  many  that  the  expe¬ 
rienced  staff  of  Andrew  engineers  are  called 
upon  to  solve.  As  qualified  experts  in  the  field 
of  FM,  radio  and  television  antenna  equipment 
Andrew  engineers  have  solved  many  problems 
for  military  and  broadcast  engineers. 


•  Twin -barreled  dehydrat¬ 
ing  unit  especially  designed 
for  WBEZ  bv  ANDREW  engi¬ 
neers.  Design  permits  leav¬ 
ing  one  cartridge  in  service 
while  the  other  cartridge  is 
being  recharged. 
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ture,  a-c  power  failure,  low  or  high 
radio  station  room  temperature, 
and  fire.  At  Norfolk,  the  first  three 
are  grouped  together  to  light  a 
major-alarm  lamp,  the  fourth 
lights  a  minor-alarm  lamp,  and  the 
fifth  lights  a  fire-alarm  lamp.  Two 
pairs  in  the  cable  between  Ocean 
View  and  the  Norfolk  toll  office  are 
required  for  the  transmission  of 
these  alarms.  An  additional  pair  is 
used  for  loop  tests  and  to  shut 
down  the  radio  transmitter  from 
Norfolk. 

At  the  eastern  end  of  the  circuit, 
similar  alarms  are  provided  both 
at  the  radio  station  and  the  Cape  | 
Charles  Central  Office.  | 

This  new  link  was  placed  in  serv-  p 
ice  in  October,  1941,  with  two  of  | 
the  channels  used  for  traffic  be-  | 
tween  Norfolk  and  Cape  Charles  I 
and  three  others  used  between  Nor¬ 
folk  and  the  toll  center  at  Onancock. 

All  channels  are  now  in  service, 
five  between  Norfolk  and  Cape 
Charles,  four  between  Norfolk  and 
Onancock  and  three  for  private¬ 
line  telephone  circuits. 

Multiplex  Radio  Relay  Receiver 

The  receiver  circuit  of  the  Chesa¬ 
peake  Bay  system,  is  shown  in 
block  schematic  form.  The  signal 
is  supplied  to  the  first  detector 
from  the  antenna  system  and  is 


Block  diagram  of  triple-detoction  tTP* 
of  receiver  used  in  the  multiplex  radio 
reloy  system 

there  converted  to  the  first  i-f  value 
of  approximately  10  Me.  After  one 
stage  of  amplification,  it  is  con¬ 
verted  to  1,500  kc  in  the  second 
detector.  The  heterodyne  fr®* 
quencies  applied  to  the  first  and 
second  detectors  are  obtained  fw® 
a  single  temperature  controlled 
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FABRICATED  PRODUCTS 

asso  WEST  BELDCN  AVENUE.  CHICAOO  4T.  OL. 

Mamtia€t$trtr$  of  SOCKETS,  TERMINAL  AS- 
5EMBUES,  JACKS  AND  CONNECTORS 
for  tut  im  tvtry  fitld  of  eftctrornks.  ^ 


to 

"Special  Sebvice 


In  the  electrical  as  in  the  elec¬ 
tronic  field.  Notional  Fabricated 
has  engineered  bottery  sockets 
and  receptocles  to  meet  every 
specialized  need.  High  speed 
production  soldering,  rugged 
construction  and  positive  elec¬ 
trical  contact  under  severe  con¬ 
ditions  of  corrosion  ond  usage 
choracterize  National  Fobri- 
coted  Products  Bottery  Sockets. 
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•  Non<corros!ve  to  copper,  52S  aluminum,  low  car¬ 
bon  steel,  cadmium  plated  steel.  No  deteriorating 
efFects  on  coated  or  adjacent  parts. 


•  The  fungicide  is  completely  dissolved  thereby 
eliminating  the  possibility  of  settling  out. 


•  Moisture-proof.  Non-inflammable,  (spec.  71-4943). 


•  Actually  beats  specification  requirements  for  in¬ 
sulating  properties  and  drying  time  .  .  .  tack-free 
in  8  minutes  •  .  .  hard  in  45  minutes. 


•  NON-TOXIC  TO  HUMANS— oWdo/  tests  show 
INSL’X  will  not  cause  dermatifiu 

*$elicytenilide 

LITERATURE  ON  ‘‘27  SERIES”  AIR  DRY  VAI^ISHES  ON  REQUEST 

27A  with  Fhenyl  Mcrcary  •  27  PA  with  Pcntaehlorphcnol  •  27SA  with  Salicylanilide 


THE  INSL-X  CO.,  Inc.  •  857  Meeker  Ave.  •  Brooklyn  22,  N.  Y. 


Chicago  • 


Los  Angeles 


Philadelphia 


crystal  oscillator  through  a  series 
of  harmonic  generators  and  ampli¬ 
fiers.  The  output  of  the  loop  test 
oscillator  can  be  supplied  to  the 
first  detector  for  making  local  tests 
when  the  distant  transmitter  is  not 
operating. 

At  the  1,500-kc  frequency,  an¬ 
other  single  stage  amplifier  has 
its  gain  varied  by  the  avc  circuit. 
In  addition,  there  is  a  three-stage 
fixed-gain  feedback  amplifier  and 
two  sections  of  band-pass  filters  to 
provide  the  additional  amplification 
and  selectivity  required. 

The  avc  circuit  consists  of  an 
amplifier  and  rectifier  that  are  ar¬ 
ranged  to  give  the  flat  volume  con¬ 
trol  characteristic  shown.  Another 
branch  circuit  has  an  amplifier, 
narrow  band  filter,  and  rectifier  to¬ 
gether  with  an  alarm  relay  to  indi¬ 
cate  carrier  failure  or  frequency 
drift.  The  third  detector  is  a  high- 
amplitude  diode  working  into  a 
low-pass  filter  whose  output  is  con¬ 
nected  directly  to  the  type-K  car¬ 
rier  telephone  equipment. 
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1  inovt  ro  rMST  onto  m  occ^cls  aoovc  t  Mtcnovotr 

Automatic  yolume  control  characteris* 
tic  of  rectifier  and  amplifier 


In  an  ideal  filter  on  an  amplitude 
modulated  carrier,  the  amplitude  of 
the  two  sidebands  relative  to  that 
of  the  carrier  may  be  altered  by 
the  same  amount.  In  this  case  the 
only  result  is  a  change  in  the  modu¬ 
lation  index  or  degree  of  modula-. 
tion;  or  the  phase  of  one  sideband 
may  be  linearly  advanced  and  the 
other  linearly  retarded  by  the  same 
amount  relative  to  the  carrier  in 
which  case  the  signal  as  a  whole  is 
advanced  or  delayed.  In  either  case, 
the  presence  of  the  filter  makes  no 
contribution  to  the  non-linear  dis¬ 
tortion.  In  a  non-ideal  filter,  if  the 
change  in  amplitude  of  one  side¬ 
band  through  the  filter  is  different 
from  that  of  the  other,  or  if  the 
phase  advance  of  one  sideband  dif¬ 
fers  from  the  phase  retardation  of 
the  Mother,  intermodulation  products 
will  be  produced.  The  result  may 
be  pictured  by  considering  the  wave 
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fVec/t/on  ff 
winning  the  war— 
Let  it  win  the  peace 

hr  YOU! 

A  complete 
inspection  labora¬ 
tory  on  wheels 
for 

ONLY 

n850®« 


Write  for  new 
QUALITY  CONTROL  BOOK 


THE  MOBILE  UNIT  INCLUDES: 


(1)  a  ttl  of  83  intptclion  gradt  gagt  block*,  (2)  g  feur-rongo 
oltclric  comparator,  (3)  optical  flats,  (4)  Monolitt,  (5)  masitr 
flat,  (6)  master  square,  (7)  parallels,  (8)  pointed  accessories, 
(9)  gage  block  holders  to  moke  gage  combinatians,  (10)  pro. 
cision  surface  plate,  (11)  g  camplete  sol  of  instructions  on  the  use 
of  every  instrument,  (12)  set  of  3  straight  edges,  each  with  4 
blades,  (13)  5-inch  sine  bar,  (14)  magnifying  light,  and  (IS)  g 
vernier  gage  block. 


CONTINENTAL  MACHINES,  INC. 

1366  S.  Washington  Ave.  ■  Minneapolis  4,  Minn. 


LOCKHEED 
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mSTRUMEMTS 
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PRODUCTS  COMPANY 


Specialized  Rubber  Engineers 
and  Sole  Manufacturers  of 

VuiUx  VIBRATION  IN- 
SULATORS  (MOUNTS) 

7«t^«  bearings 

COUPLINGS 
HARRIS  COMPRESSED 
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at  the  output  of  the  filter  as  being 
made  up  of  two  components,  one 
formed  by  the  carrier  with  sym¬ 
metrical  sidebands,  and  the  other 
being  a  single  component  at  the 
frequency  of  one  sideband  and  of 
such  amplitude  and  phase  as  to 
represent  the  difference  between 
the  sideband  transmitted  through 
the  filter  of  this  frequency  and  the 
symmetrical  sideband  component  of 
the  same  frequency.  The  symmetri¬ 
cal  components  form  an  undis¬ 
torted  amplitude  modulated  wave, 
the  modulation  on  which  may  be 
•  recovered  without  distortion.  The 
excess  or  difference  component  will 
be  demodulated  against  the  per¬ 
fectly  modulated  carrier  as  a  single 
sideband  signal,  with  all  of  the  dis¬ 
tortion  resulting  from  such  de¬ 
modulation  by  a  linear  detector. 

More  exact  analysis  confirms  the 
conclusion  of  this  very  rough  de¬ 
scriptive  analysis.  In  order  that 
the  non-linear  distortion  be  kept 
within  satisfactory  limits  for  this 
multiplex  system,  the  phase  shift 
through  the  filters  must  be  linear 
to  within  a  few  degrees  and  the 
amplitude  distortion  over  the  pass 
band  of  the  filter  must  be  less  than 
a  decibel.  The  measured  band-pass 


To  regular  or 
artificial  antenna 
♦24Fc 


400v  reclifier 


600v  rectifier 


Circuit  of  trcmsmitter.  power  fUppB** 
and  monitoring  unit 

characteristics  of  the  receiver 
signed  to  these  specifications  sre 
shown. 

Unattended  Transmitter 

The  transmitter  developed 
the  multichannel  radio  link  is  iU^ 
trated  in  the  block  schematic  <1^ 
gram.  The  last  stage,  which  is 
modulator  stage,  is  a  bridge 
pacity-neutralized,  plate-moduls^ 
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■ORTH  AMERICAN  PITTTJPS  research  and  enpineering 
11  ha\e  eontrihiited  to  four  de\  elo|>iiieiits  that  have  advanced 
the  art  of  cr\stal  processing.  Ka«-li  has  solved  at  least  one 
prohleni  in  the  mass  production  of  quartz  oscillator  plates  to 
meet  the  rigid  demands  of  war  eipiipment. 


•  Q-t.ap:  An  exclusive  North 
American  Phili|is  tlevelopment, 
this  hiKh-spcc<l  machine  auto¬ 
matically  griixis  crystal  blanks 
parallel  to  chise  tolerances,  ready 
for  further  poMliiction  operations. 

•  f  'titiznihm  ttf  f  'ii fart’d  (Quartz; 
K>  de^elopiiift  in  I'll.'t  a  method  of 
utili/.iiiK  uiifaccd  apiarl/..  previously 
very  diflicult  and  co>tl>  to  use. 
North  American  Philips  materially 
increased  the  available  siijiply  of 
f|uart/.  in  the  nation's  limited  war¬ 
time  stiH-k  pile. 


•  X-Ray  Quartz  Analyziz 
Apparatus:  First  practical, 
commercial  device  specifically 
desi}{nc‘d  for  accurate  mass  prcsluc- 
tion  of  cpiartz  crystals.  It  provides 
the  best  known  method  of  measur- 
iiift  the  prt;eise  angles  rcipiired. 

#  Autamatir  Trsthiff  of  Crystals: 
North  American  Philips  is  the  only 
er>  stal  niaiiiifaeturer,  to  our  knowl¬ 
edge,  which  has  developed  special 
tc‘st  units  which  test  teni|>erature 
activity  and  frecpieney  automat¬ 
ically  and  at  high  s|>ecd. 


Thc'sc*  four  steps  ahead  in  precision  crystal  processing  further 
mark  the  progress  of  an  orgaiilzalioii  witli  a  hat'kgrotind  of  over 
a  lialf century  in  rt'seareli.  development  and  manufacture  in  the 
electrieal  liedd.  'I'odav.  Nortli  Xmciiean  I'hilips  is  one  t>f  the 
leading  |>rodtiet‘rs  of  cpiartz  crvstals  for  militarv  eomnitinica- 
tions  c'cpiipment.  'romorrow.  our  production  of  crystals  will  he 
availahle  for  pc^acetime  radio  and  electronic  ecpiipnu'iit.  In 
these  fields  precise  friMpieiicy  control  and  selc'ctioii  at  low  cost 
will  he  important  factors. 

We  vvotdd  he  glad  to  send  yon  a  c*opv  of  an  interesting  booklet 
on,  "How  (,)uartz  (Crystals  Are  \Ianttfa<‘ttired.”  Just  fill  in 
the  coupon  and  mail  today. 

OTHER  PROniTf'.TS:  Amplifier,  Transmitting,  Rectifier  and  Catlmde 
Ray  Tubes;  Searc-hray  (Industrial  X-ray>  Apparatus,  X-ray  Diffraction 
Apparatus;  Medical  X-ra>  E<tui|>ment,  'I'lilies  and  Aei-essories;  Tungsten 
an<l  Molybdenum  PriMliicts:  Fine  ire;  Diamond  Dies.  If'hen  in  Xtnv  York, 
be  sure  to  risii  our  Industrial  KIrcIronics  Showroom. 


lyorefc 


Send  today  for  this 
Quartz  booklet! 


llOrCICO  ELECTRONIC  PRODUCTS  by 

loin  AMERICAN  PHIIIPS  COMPANY,  INC. 

Factnri^  I  fv  C3,  100  East  42nd  Street,  New  York  17.  N.  Y. 

■'wnes  In  Dobbs  Ferry,  N.  Y,;  Mount  Vernon,  N,  Y.  (Metalix  Div.);  Lewiston,  Me.  (ElmetDiv:) 


North  AnMricqn  Philips  Co.,  Inc. 

100  East  42ncl  Streot,  New  York  17,  N.  Y. 

Gontlomon: 

Kindly  moil  booklet,  "How  Quartz  Crystals  oro  Manu¬ 
factured"  tOi 


Company. 
Address — 


Ospt.  C-3 
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ahead  fifty  years.  Dreams  are  becoming  realities.  Truly  we  are  coming  closer 
to  the  stars.  The  Astatic  Corporation  is  a  factor  in  this  moving,  living  plan, 
and  from  Astatic  research  laboratories  come  new  and  improved  products  for 
a  new  era.  Not  the  least  important  of  these  is  a  zephyr-light  pickup  for  phono¬ 
graph  equipment,  which  will  reproduce  the  living  voices  and  the  Instrumental 
artistry  of  the  entertainment  world  with  a  clarity,  beauty  and  true-to-life 
realism  heretofore  unknown.  As  FM  will  contribute  to  the  improvement  of 
radio  reception,  so  will  Astatic  sound  detection  and  pickup  products  advance 
the  fidelity  of  phonographic  recordings  to  bring  the  great  American  audience 
closer  to  the  stars. 


**You'll  HEAR  MORE  from  Astatic” 
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Class  C  amplifier  which  delivers 
approximately  fifty  watts  of  radio 
frequency  power.  The  signal  modu¬ 
lating  power  is  developed  through  a 
chain  of  four  Class  A  amplifier 
stages.  Loosely  coupled  to  the  mod¬ 
ulator  is  the  demodulator  unit  from 
which  the  signal  envelope  voltage 
of  correct  phase  is  obtained  which 
is  returned  to  the  input  of  the  sig¬ 
nal  amplifying  stages  to  effect  the 
negative  feedback  correction  on  the 
transmitter.  A  monitor  unit  de¬ 
signed  to  check  the  operation  of  the 
transmitter  is  connected  at  the 
junction  of  the  output  circuit  of 
the  modulator  and  the  balanced  p 
coaxial  transmission  line.  » 


OTerall  amplitude-frequency  choracter- 
istic  of  the  multiplex  recelTer 


As  shown  in  the  block  diagram, 
a  voltmeter  is  provided  in  the  plate 
circuit  of  stage  four  to  indicate  the 
peak  a-c  signal  voltage  applied  to 
the  modulator.  The  gain  of  the 
four  stages  in  tandem  with  40  db 
of  negative  feedback  is  such  that  a 
single  tone  input  at  28  db  below  1 
milliwatt  will  modulate  the  trana- 
mitter  80  percent.  To  protect  the 
signal  amplifiers  from  excessive  in¬ 
put  signal  voltage  in  case  the  feed- 


Front  panel  of  transmitter  showing 
cessed  tuning  controls 
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Here's  the  very  heart 

of  your  post-war  product! 


when  you  specify  Ray- O -Vac  Batteries. 
Our  engineers  are  at  your  service  now. 

For  Dependable  Power,  Use 

rAY'O'VAc 

BATTERIES 


When  your  new  product  gets  into  the 
consumer’s  hands,  the  battery  that  powers 
can  spell  the  difference  between  con¬ 
sumer  satisfaction  and  disappointment. 
Ray. 0 -Vac  Batteries  are  designed  and 
built  to  deliver  plus  performance-— extra 
capacity  and  dependability  at  lowest  pos¬ 
sible  cost  to  the  user.  You  take  no  chances 


RAY-O-VAC  CO.,  MADISON  4,  WIS. 

factories  at  CLINTON.  MASS..  LANCASTER.  OHIO.  SIOUX  CITY.  IOWA.  FONO  DU  LAC.  WIS..  MILWAUKEE.  WIS. 
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RADIO  SPEAKERS 

£c/i  a/i  afi^itca^ic^ 

Recently  expanded  production  facilities 
combined  with  complete  engineering  “know¬ 
how”  enable  Consolidated  Radio  Products 
Co.  to  supply  the  finest  radio  speakers 
available.  Speakers  can  be  furnished  in  the 
following  ranges: 

Dynamic  Speakers  from  2  inches  to  18  inches 
Permanent  Magnet  Speakers  from  2  inches  to  18  inches 
Headsets 


und  tyiiediufn 

TRANSFORMERS 

Consolidated  Radio  is  also  a  nationally 
known  manufacturer  of  small  and  medium 
transformers  including  Pulse  Transformers, 
Solenoid  and  Search  Coils. 

Engineering  service  is  available  to  design 
transformers  and  speakers  for  special  appli¬ 
cations,  or  to  your  specifications. 


back  voltage  is  interrupted  through 
failure  of  the  radio  frequency  car¬ 
rier,  a  relay  is  used  in  the  grid  cir¬ 
cuit  of  the  modulator  which  opena 
the  primary  circuit  of  the  600-volt 
rectifier  when  the  grid  current 
drops  below  a  given  value. 

Tests  jacks  enable  maintenance 
personnel  to  introduce  a  test  signal 
from  a  signal  generator  on  the 
grid  of  any  stage.  Provision  is  also 
made  for  the  insertion  of  a  shielded 
vacuum-tube  voltmeter  on  the  grid 
and  on  the  plate  of  the  stage  under 
test.  The  grid  of  the  following 
stage  is  disconnected  and  grounded, 
and  the  plate  voltmeter  capacity 
made  equal  to  the  grid  capacity. 
This  measuring  technique  allows 
the  gain  frequency  characteristic  of 
each  signal  frequency  amplifier,  or 


Right-hand  lidn  of  tronsmlttor.  Air  po*' 
ing  through  the  filter  at  bottom  it  iote«d 
by  a  blower  through  a  TentUotinq  dud 
for  distribution  to  the  tubes 


of  the  four  in  cascade,  to  be  readily 
obtained. 

With  respect  to  neutralization, » 
excellent  condition  was  obtained 
with  the  simultaneous  minimiziM 
of  the  modulator  plate  currents  anii 
maximizing  of  the  grid  currents 
It  was  found  that  a  suitably  linesr 
relationship  between  the  plate  volt¬ 
age  and  load  current  was  real! 
for  a  load  impedance  permitting  »j 
carrier  output  power  of  appn 
mately  50  watts.  For  this  conditio  j 
the  total  plate-circuit  bandwi* 
for  a  3  db  reduction  in  ampHt'i^*'  | 
is  approximately  1.8  megacycle*- 


Klystron  Charaeteristies 

Characteristics  of  Klystrons  ** 
well  as  conventional  tubes  are  ^ 
veniently  measured  by  dynn®’' 
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[  methods.  Coleman  Dodd  of  Sperry 
Gyroscope  Co.  showed  how  the 
method  was  applied  to  Klystrons 
and  presented  some  of  the  results 
obtained. 

To  observe  some  of  the  dynamic 
characteristics  of  a  Klystron  am¬ 
plifier,  the  arrangement  shown  in 
the  diagram  was  used.  A  type 
410-R  Klystron  oscillator  is  used  as 


Block  diagram  showing  the  method 
used  to  measure  dynamically  the  chat- 
acteristics  ol  Klystron  amplifiers 


an  excitation  source  for  a  Klystron 
amplifier  whose  beam  voltage  is 
modulated  at  60  cps.  The  oscillator 
supplies  constant  drive  power  to 
this  first  amplifier. 

A  crystal  detector  coupled  to  the 
amplifier  output  supplies  an  oscil¬ 
loscope  with  a  signal  that  is  pro¬ 
portional  to  the  power  output  of  the 
first  Klystron  amplifier.  This  oscil¬ 
loscope  is  operated  with  its  sweep 
synchronized  with  the  beam  modn- 
lating  voltage,  giving  a  pattern  on 
the  screen  of  power  output  vs  beam 
voltage  characteristic  for  constant 
drive  power.  Beam  voltage,  modn- 
lation  voltage,  and  drive  power  are 


A  comparison  of  theoretical  and  dy- 
namically  measured  Klystron  amplih" 
characteristics  reduced  to  common  * 
dinates  shows  the  usefulness  of  d)* 
method 


varied  so  that  a  variety  of  opcw' 1 
ing  conditions  can  be  investigate*!  ■ 

The  variable  power  output  of  tii*  1  Pi(^ 
first  amplifier  is  used  to  drive  • 
second  Klystron  amplifier.  An  * 
cilloscope,  monitoring  the  output 
this  amplifier,  traces  the  power  out 
put  vs  drive  power  characteri^ 


for  the  Klystron  amplifier  oper 
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RBL  equipment  in  this  installation  consists  of  250  w.,  S-T  link  transmitter  operating  on  156.75  me. 

Sales  Representatives 

MICHIGAN  MID  WEST  PACIFIC  COAST 

M.  N.  Duffy  &  Co.,  Inc.  REL  Ek|uipment  Sales,  Inc.  N.  B.  Neeley 

2040  Grand  River  Ave.,  W.  612  N.  Michigan  Blvd.  5334  Hollywood  Blvd. 

Detroit,  Mich.  Chicago,  III.  Hollywood,  Cal. 

•**0NEER  MANUFACTURERS  OF  FM  TRANSMITTERS  EMPLOYING.  ARMSTRONG  PHASE-SHIFT  MODULATION 


Yes,  REL  has  in  back  of  its  organization  five  years  of  practical  operation  —  in  F.  M.  relaying,  a  field  generally 
regarded  as  one  for  future  development.  REL  has  again  established  a  scientific  precedent  ...  and  continues 
to  energetically  and  successfully  lead  the  field  in  radio  pioneering! 


•  For  five  years,  the  first  studio-to-transmitter  F.  M.  relay  ever  to  be  installed  has  been  in  continuous  practi¬ 
cal  operation  by  the  Yankee  Network  withouf  wire  connections  between  studio  and  transmitter.  Programs 
originating  in  Station  WEOD,  located  atop  the  Buckminster  Hotel,  Boston,  are  relayed  to  Station  WGTR 
50  kw,  also  an  REL  installation  in  Paxton  43  miles  distant,  over  two  hill-ranges  and  beyond  line  of  sight. 


F. M.  relay  operation... offered  by  others  as  a  postwar 
possibility... is  already  an  REL  accomplishment  of  proven  reliability. 
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Probably  the  most  important  single  factor  in  modern 
warfare  is  complete,  dependable  communications.  De¬ 
pendable  communications  require  a  dependable  power 
supply.  Pincor  fs  proud  of  its  part  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery  chargers. 


DYNAMOTORS  .  .  .  CONVERTERS 
GENERATORS  ....DC  MOTORS 
POWER  PLANTS...GEN-E-MOTORS 


aair  iviia  eo/vos/ 


PIONEER 

GEN-E-MOTOR 


CORPORATION 
584  M9  DICKENS  AVENUE 
CHICAGO  39.  ILLINOIS 

EXPORT  ADDRESS;2S  WARREN  STREET,  NEW  YORK?,  U.S.A.  •  CABLE  ADORESS:SI MONTRICE,  NEW  YORK 


at  a  constant  beam  voltage.  Dyna¬ 
mic  characteristics  obtained  in  this 
way  and  those  predicted  by  the 
theory  compare  quite  well. 

This  power  output  vs  drive  power 
characteristic  illustrates  several 
practical  conclusions.  They  are: 
(1)  power  output  does  not  reach  a 
saturation  value  as  the  drive  power 
is  increased,  but  reaches  an  opti¬ 
mum  and  then  decreases,  (2)  with 
excessive  drive,  power  output  will 
pass  through  several  maxima  and 
minima,  (3)  power  gain  is  about 
2.5  times  as  great  at  low  drive 
powers  as  it  is  at  maximum  power 
output,  and  (4)  operation  beyond 
the  first  maximum  is  undesirable. 

Dynamic  methods  of  observing 
Klystron  characteristics  can  be  ap¬ 
plied  equally  well  to  Klystron  os¬ 
cillators.  A  Klystron  oscillator  is 
shown  in  the  accompanying  block 


Frequency  choracteriitics  o!  Klyctron 
otcillotors  cu  well  os  their  power  char¬ 
acteristics  ccm  be  meosured  dynon- 
icoUy 


diagram  which  obtains  its  variable 
beam  voltage  from  Ti  standard  plate 
supply  transformer.  The  -output  of 
the  oscillator  is  monitored  by  » 
crystal  detector  and  oscilloscope. 
The  pattern  on  the  oscilloscope  in¬ 
dicates  how  power  output  of  the 
oscillator  varies  with  changes  in 
the  beam  voltage. 

The  wavemeter  connected  to  the 
output  circuit  of  the  Klystron  os¬ 
cillator  provides  a  way  of  checking 
variation  in  oscillator  frequency 
as  the  beam  voltage  is  changed.  A 
notch  will  appear  in  the  oscilloscope 
trace  at  the  point  corresponding  to 
the  frequency  at  which  the  wave- 
meter  is  absorbing  power. 

Over  page  is  a  typical  Klystron 
oscillator  characteristic  which  wse 
obtained  by  this  method. 
quency  deviation  curves  at  the  top 
of  the  figure  were  obtained  by 
the  absorption  type  wave-meter 
method.  -Tuning  of  the  resonan 
cavities  and  changing  the  length « 
the  feedback  line  can  also  be  m 
vestigated  by  this  method. 

Minor  trimming  adjustments  are 


March  y9«  — ELECTROHiCJj 


►yna- 
i  thU 
the 


^^0(90US1V"V 
•MfPKJllI,  jy, 


K)wer 

sveral 


drive 
power 
teyond 
able, 
erving 
be  ap- 
on  08- 
itor  is 
:  block 


variable 
rd  plate 
itput  of 
d  by  » 
lloscope. 
cope  in- 
:  of  the 
inges  in 


ATF  precision  remote  controls  arc 
handling  some  of  the  war’s  most  exacting  remote  control  jobs.  And 
they  are  finding  wide  application  in  planning  for  the  exacting  indus¬ 
trial  jobs  of  tomorrow  .  .  .  for  the  accurate  adjustment  or  setting  of 
communications  equipment,  machine  tools,  valves,  fuel  supplies, 
power  controls,  and  other  machinery,  from  remote  or  obscured  points. 

If  your  post-war  planning  involves  a  problem  of  precise  position¬ 
ing,  the  solution  may  rest  with  one  of  these  proved  ATF  electrical 
control  units.  Their  hair-line  precision,  extreme  simplicity,  and  their 
ability  to  withstand  temperature  extremes  and  mechanical  abuse 
will  give  your  product  a  decided  edge  in  post-war  selling. 

Complete  literature  available.  The  services  of  ATF  engineers  are 
freely  offered  to  assist  in  applying  these  units  to  your  products. 


AMERICAN  TYPE  FOUNDERS 


REMOTE  CONTROL  DIVISION 

11  West  42nd  Street,  New  York  18,  N.  Y. 
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Using  the  woremeter  emd  oscilloscops, 
these  Klystron  oscillator  chararteristfes 
were  obtained  (see  ELECTRONICS  No- 
Tember  1944.  p  106) 


usually  all  that  are  required  to 
get  the  tube  to  work  at  a  static  op¬ 
erating  condition  after  it  has  be® 
adjusted  using  this  dynamic 
method.  The  equipment  was  dem¬ 
onstrated  and  those  present  had  an 
opportunity  to  make  adjustments 
on  410-R  Klystrons  and  observe  the 
effects  on  oscilloscopes. 

Two-Resonator  Klystron  Osdllatw 

Dependence  of  power  output  and 
frequency  of  Klystron  oscillators 
on  beam  transconductance  was  ex¬ 
plained  by  D.  R.  Hamilton  of 
Sperry  Gyroscope  Co. 

By  representing  the  Klystron  os¬ 
cillator  as  an  ideal  pentode  with 
associated  coupled  resonant  circuit 
phase  delay  network  and  feedback 
loop;  conventional  circuit  analysis 
can  be  used  to  predict  the  behavior 
of  the  Klystron  oscillator.  The  theo¬ 
retical  results  are  amply  verified 
by  measurements  made  by  the  dy¬ 
namic  technique  described  and  dem¬ 
onstrated  previously. 

Representing  the  Klystron  by  an 
equivalent  oscillator  of  conven¬ 
tional  components  indicates  that 
the  difference  between  the  Klystron 
and  the  more  conventional  arr8ng^ 
ment  lies  in  a  distinction  betw^ 
the  basic  nature  of  the  electrons 
transconductance  in  the  Klystron 
and  in  a  conventional  vacuum  tube. 

In  a  triode,  transconductance 
arises  from  the  control  which  the 
static  grid  voltage  exerts  on  the 
static  plate  current.  In  a  Klystron, 
the  r-f  current  arises  from 
control  of  the  electron  velocity  h* 
an  already  accelerated  electron 
beam,  followed  by  the  resultini 
bunching  action  in  a  field-free  drift 
space.  A  static  plate-current  vs. 
orriH-irnlfiiara  pViarJiP.teristiC  WhOSC 


•  A  small,  compact,  practical 
test  instrument  for  labora¬ 
tories  and  Radio  Service 
Stores  —  engineered  up  to 
high  HICKOK  standards. 

Provides  for  electronic  A.C. 
and  D.C.  Voltage  measure¬ 
ment  with  extremely  high 
input  impedance.  Provides 
an  electronic  ohmmeter  for 
resistance  measurement  from 
.1  of  one  ohm  to  1,000 
megohms.  Also  provides  a 
milliampere  meter  giving  5 
ranges  of  measurement  to 
one  ampere. 


MODEL  202 


Meter  cannot  be  damaged  from  over-voltage  on 
any  range  due  to  the  electronic  circuit  arrangement. 
Built  with  4  tubes  and  pilot  light.  Power  supply  is 
self-contained.  Operates  on  1 10  to  120  volts,  50-60 
cycles  A.C.,  with  voltage  regulation  included.  Spe¬ 
cial  range  control  switch,  selector  switch,  ohms 
adjust  control,  zero  balance  control  and  a  large  S'* 
square  meter  with  a  17"  scale  length.  Size  lOVa" 
high,  7V2"  deep,  and  8"  wide.  Weighs  14  lbs.  and 
is  finished  in  baked  crackle  lacquer.  It's  a  honey  for 
convenience  and  dependability. 


THE  HICKOK  ELEGRICAL  INSTRUMENT  COMPANY 

10SZT  Dupont  Avenue,  Cleveland  8,  Ohio 


TEMPERATURE  MEASUREMENT 

OR  ^ 

CONTROL  PROBLEM  • 


-40  -?0  0  N  M  €0  ao  \00  140  >60 

TEMPePATfJPE  DEGPCeS  C 


CHECK  THESE  ADVANTAGES  OF  KEYSTONE 
NTC  UNITS  FOR  YOUR  APPLICATION 

Keystone  NTC  units  are  electrical  resistors  especially  developed  to 
have  an  unusually  high  negative  temperature  coefficient  of  resistiv¬ 
ity.  The  slopes  are  much  greater  than  those  observed  with  pure 
metals  or  their  alloys.  The  result  is  an  element  with  very  high 
thermal  sensitivity,  useful  on  AC  or  DC,  inherently  suitable  for 
remote  indication,  which  has  gained  wide  acceptance  for  tempera¬ 
ture  measurement  and  control  purposes.  NTC  units  are  made  in 
wide  range  of  shapes,  resistance  values,  temperature  coefficients 
and  wattage  ratings,  of  which  the  characteristics  at  the  left  are 
typical.  The  circuits  below  suggest  basic  means  for  translating  re¬ 
sistance  changes  into  current  or  voltage  variations.  Modifications 
and  extensions  of  these  principles  are  many,  especially  in  conjunc¬ 
tion  with  electronic  apparatus. 


This  simple  series  circuit 
of  voltage  source,  instru¬ 
ment  and  NTC  unit  has 
utilized  to  indicate 
coolant  tempera- 
etc.  It  provides  suffi¬ 
cient  accuracy  for  many 
*Pplications  despite  scale 
crowding  at  the  bo’ttom. 


Basic  bridge  circuit 
straightens  and  steepens 
the  characteristic.  Zero- 
center  meter  may  be  used 
or  balance  point  may  be 
placed  near  the  lowest 
temperature.  Electronic 
balance  indication  pro¬ 
vides  enhanced  sensitivity. 


Adding  a  second  NTC 
unit,  and  exposing  both  to 
the  temperature  to  be  indi¬ 
cated,  gives  a  double  un¬ 
balancing  effect  and  in¬ 
creases  sensitivity  under 
certain  conditions  over 
part  of  the  temperature 
range. 


Two  NTC  units  in  adja¬ 
cent  arms  is  a  method  of 
indicating  equality  of  two 
temperatures,  or  tempera¬ 
ture  difference  or  rise. 
Temperature  of  either 
source  can  be  obtained  by 
substitution  of  standard  re¬ 
sistance  for  other  NTC 
unit. 


Efsistors  are  also  valuable  for  neutralhmg  the  change  in  resistance  with  temperature  of  electrical 
ftU  u  ”*A  and  control  devices,  for  introducing  time  delays  and  many  other  applications.  Write  and 

t  ebout  your  problem — we’ll  be  glad  to  analyze  it  for  the  applicability  of  NTC  units. 


KEYSTONE  CARBON  COMPANY,  INC 

SAINT  MARYS  .  .  .  .  PENNA. 


For  more  than  MO  years 

we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe¬ 
cialists  as  well.  Consult  us  on  your  ‘^crystal 
problems’’. 

★ 

PETERSEN  RADIO  €0. 

Council  Bluffs,  Iowa 

CRYSTALS  EXCLUSIVELY  SINCE  1934 


iNVESTIGAT€ 


NEW  T  100 
TERMINAL 
BOARDS 


DIRECT  FACTORY  REPRESENTATIVE 

AW  FRANKLIN  MANUFACTURING  CORPORATION 
Sockets  .  .  .  Terminal  Strips  .  .  .  Plugs  .  .  .  Assemblies 
F  W  SICKLES  COMPANY 

Coils.  ..I.  F.  Transformers ...  Antenna  Loops. ..Trimmer 
Condensers,  mica  and  air  dielectric  .  .  .  Tuning  Units 
ELECTRO  MOTIVE  MANUFACTURING  COMPANY 
Molded  Mica  Capacitors. .. Mica  Trimmer  Capacitors 


to  fit  any  wiring  layout... 
to  withstand  battlefront 
punishment,  stresses 
and  strains.  Their  sturdy 
terminals  of  swaged 
brass,  hot  tinned  or  cad¬ 
mium  plated,  are  hollow 
for  wiring  from  the  un¬ 
derneath  to  eliminate 
drilling  holes  in  bakelite 
plates  . . .  available  with 
permanent,  clear,  easy 
to  read  code  numbers  or 
other  designations. 


slope  gives  the  transconductance  of 
a  triode,  is  therefore  meaninglesa; 
nevertheless,  one  may  still  speak 
of  a  dynamic  transconductance 
which  is  the  ratio  of  peak  r-f  cur¬ 
rent  passing  through  the  output 
resonator  to  the  peak  r-f  gap  volt¬ 
age  across  the  input  resonator. 
One  may  thus  proceed  along  con¬ 
ventional  lines  to  analyze  the  be¬ 
haviour  of  the  Klystron  oscillator 
bearing  in  mind  this  distinction  in 
the  physical  origin  in  graphical 
portrayal  of  the  electronic  trana- 
conductance. 

Curves  obtained  from  this  theory 
also  show  the  way  in  which  a  Kly¬ 
stron  oscillator  may  be  adjusted  to 
give  a  linear  frequency  modulation 
characteristic  with  nearly  constant 
amplitude,  and  imply  the  known 
fact  that  detuning  of  the  resonaton 
may  be  utilized  to  obtain  a  higher 
output  over  a  narrower  range  of 
frequency.  (For  curves  of  the  type 
referred  to  by  Mr.  Hamilton  and 
the  method  of  their  derivation  see 
Electronics  for  November  1944) 

Impulse  Noise 

Measurements  of  the  susceptibil¬ 
ity  to  impulse  noise,  such  as  ipi- 
tion  interference  in  receivers,  were 
presented  by  Jerry  B.  Minter  of 
Measurements  Corp.  To  obtain 
reproducible  results,  a  noise  source 
consisting  of  a  d-c  pulse  plus  a  car¬ 
rier  pulse  was  used  to  simulate  the 
frequency-energy  distribution  of 
ignition  wave  trains.  The  syn¬ 
thetic  pulse  and  the  signal  were 
simultaneously  applied  to  the  re¬ 
ceiver  input  through  a  balancing 
network. 

Test  equipment  required  to  per¬ 
form  the  measurements  are  a  pobe 
generator,  a  signal  generator  and 
an  output  meter.  For  the  latter,  > 
polarized  peak-reading  vtvm  is  pre¬ 
ferred  although  an  oscilloscope  can 
be  used. 

The  noise  interference  is  a  fiii>e- 
tion  of  the  noise  intensity 
therefore  measurements  should^ 
.made  at  several  noise  levels. 
technique  consisted  of  deternp 
ing  what  signal  level  was  reqoiK” 
to  adequately  over-ride  the  noi* 
for  various  receiver  conditions. 

Results  from  the  measureine^ 
on  f-m  receivers  show  that  a 
anced  type  of  discrimina^^ 
short  time-constant  gives  the 
noise  rejection.  In 
of  the  horizontal  synchrontfUf 
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but  they  mean  so  much  to  so  many 


Small,  unseen.  Electro  Motive  Capacitors  —  in 
countless  numbers  —  are  contributing  to  the 
certainty  of  our  battle  communications  systems. 

Upon  the  continuously  reliable  performance  of 
these  systems  the  lives  of  our  fighting  men  de¬ 
pend.  They  must  not  fail. 

Electro  Motive  is  proud  of  the  part  its  products 
are  playing  now  —  looks  forward  to  the  day 


THE  ELECTRO  MOTIVE  MEG.  CO. 

Willimantic,  Connecticut 


when  the  s.ime  products  will  be  helping  to  bring 
comfort  and  entertainment  to  the  men  they  are 
now  helping  to  protect. 


r.lectronic  Equipment  Manufacturers:’  Write  —  on 
company  letterhead  for  new  Capacitor  Catalogue. 


CHACE 

Tnermostatic 

BIMETAL 


generator  has  a  decided  advantage. 
Because  of  the  serious  effects  on 
noise  susceptibility  of  detuning, 
Mr.  Minter  recommended  afc  for 
the  local  oscillator. 

X-Ray  Irradiation  of  Quartz  Crystals 

The  various  effects  produced  by 
subjecting  quartz  plates  to  x-ray 
radiations  were  described  by  Clif. 
ford  Frondel,  Department  of  Min¬ 
eralogy,  Harvard  University.  In 
general,  the  frequency  of  oscilla¬ 
tion  decreases  continuously  during 
irradiation  to  a  limiting  value,  and 
types  of  plates  dependent  on  differ¬ 
ent  elastic  constants  are  affected 
unequally.  For  example,  high-fre¬ 
quency  BT  plates  decrease  with  ir¬ 
radiation  between  0.006  and  0.12 
percent  of  the  initial  fundamental 
frequency.  (See  Electronics  for 
Dec.,  1944,  p.  227.) 

The  technique  is  now  being  used 
in  production  of  quartz  plates  and 
rates  of  frequency  change  now  be¬ 
ing  accomplished  average  about  40 
cycles  per  minute  of  exposure  to 
the  rays.  The  frequency  change 
brought  about  by  the  x-rays  can  be 
reversed  and  the  plate  restored  to 
its  original  frequency  and  color  by 
baking  at  temperatures  over  about 
175  deg  C.  The  plates  can  also  be 
sensitized  to  irradiation  by  prior 
baking. 


35  types  of  Chace  ^ 
Thermostatic  Bimetals  in  sheets, 
strips^  shapes  to  specifications,  and  ti, 
sul>assemblies  are  being  supplied 
to  manufacturers  for  use  in  vital 
instruments  and  controls  for  k 

planes,  ships,  tanks  and  trucks.  i 


Equipment  for  X-Raying  Quark 
Plates 

Description  of  preliminary  ex¬ 
periments  which  consisted  mainly 
of  radiating  many  crystals  with 
various  types  of  x-ray  tubes  com- 


Chace  is  always  ready  and  anxious 
to  cooperate  with  you  on  any 
problems  pertaining  to  actuating 
elements  for  temperature  respon¬ 
sive  devices. 


X-ray  irradiation  unit  dev 
North  American  Philips  in  co 
with  Dr.  Frondel  and  the  t 
Signal  Corps  for  lowering  th« 
of  quartz  plates 


tt 

^ttevrol 


Thermostatic  Bimetals  and  Special  Alloys 
1630  BEARD  AVE  •  DETROIT  9  .  MICH. 
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(Fteight  coaduaor,  calking  from  caboose) : — 
'*Cb4trlie,  we  drojt  four  cers  from  the  rear  of 
PikevHle,  and  fuck  up  three  from  the  Saw 
Hill  siding  to  hook  on  in  front.*’ 
(Engineer,  replying): — ”0.  K.,  foe.  We’ll 
take  on  water;  w^re  ahead  of  the  card.” 


mercially  available  in  order  to  de¬ 
termine  empirically  the  most  ap¬ 
propriate  conditions  of  radiation 
was  made  in  a  paper  by  Charles 
Roddy  of  North  American  Philips. 
Features  of  equipment  specifically 
engineered  for  irradiating  quartz 
plates  in  production  were  also 
given. 

From  the  experiments,  it  was  de¬ 
cided  that  the  following  conditions 
might  be  stated  as  an  approximate 
specification  for  a  suitable  tube. 

1.  Tubes  must  have  high  current 
capacity  and  be  capable  of  contin¬ 
uous  operation. 

2.  Voltage  necessary,  not  in  ex¬ 
cess  of  60  kv.  (Limit  of  voltage  on 
anode  ground  tube).  Higher  volt¬ 
ages,  in  addition  to  providing  ra¬ 
diation  which  is  not  easily  absorbed 
in  the  small  thicknesses  of  quartz, 
requires  larger  tube  diameter.  This 
in  turn  reduces  the  field  intensity 
at  the  irradiated  surface,  under 
present  limitations  of  the  mechan¬ 
ics  of  tube  construction. 

3.  The  window  material  should 
be  as  thin  as  possible,  and  of  a  ma¬ 
terial  with  extremely  low  absorp¬ 
tion  such  as  Lindemann  glass  or 
beryllium. 

4.  The  tube  should  be  of  the 
grounded  anode  type  in  order  to 
facilitate  cooling  by  water  at 
ground  potential. 

5.  Tube  should  have  as  many 
windows  as  possible  in  order  to 
utilize  as  much  of  the  hemisphere 
of  radiation  as  possible. 

A  tube  of  this  general  descrip¬ 
tion  had  been  designed  for  diffrac¬ 
tion  purposes  and  had  a  capacity  of 
25  ma  and  60  kv  for  continuous  op¬ 
eration.  This  tube  was  provided 
with  a  redesigned  chrome-iron  en¬ 
velope  and  larger  portals  arranged 
at  a  higher  anode  angle,  in  order  to 
cover  the  area  necessary.  The  num¬ 
ber  of  windows  was  reduced  to  two. 

To  protect  the  thin  Lindemann 
glass  windows  from  secondary  elec¬ 
tronic  bombardment,  the  cathode 
assembly  was  shielded  so  that  the 
X-ray  beam  from  the  anode  passed 
through  a  small  hole  in  the  shield. 
Enlarging  this  hole  provided  a 
beam  of  greater  cross-section,  but 
failure  of  the  window  became  a 
problem  due  to  charges  built  up  by 
secondary  electron  bombardment 
which  puncture  the  window.  This 
was  overcome  by  welding^  two 
crossed  wires  over  the  aperture  to 


In  the  railroading  of  tomorrow,  express  freight  trains  will  be 
one  of  the  many  public  services  that  will  depend  on  co¬ 
ordination  and  speed  which  in  turn  will  depend  on  perfea 
communications  —  which  will  depend  on  perfea  crystals. 

Valpey  Crystals,  unseen,  unobtrusive,  will  be 
the  vital  servants  of  this  type  of  communica¬ 
tion.  Precision-ground  by  crystal  craftsmen, 
they  can  be  depended  upon  for  perfea  service 
whether  in  the  araic  or  the  tropics. 


In  planning  your  peacetime  produas,  be  sure  to  consult 
Valpey.  Our  laboratory  and  our  engineers  are  ready  to  help 
you  with  any  problem  of  design  or  performance. 

Write  for  information  on  "CRYSTIONICS.” 


NEW  XLS 
Special  new  low  fre¬ 
quency  unit . . .  vital 
in  the  newer  fields 
of  electronics. 


CM-l 

A  design  for  normal 
frequency  control 
applications. 


VALPEY 
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s 

a 


more  efficient 


. . .  in  miniature 


miniature  types.  The  development 
of  other  miniature  types  to  func¬ 
tion  where  larger  tubes  are  now 


The  modern  hearing  aid  is  a  fine  example  of  greater 
efficiency  ...  in  miniature.  No  longer  does  the  awk¬ 
ward  ear  trumpet  or  an  apologetic  “a  little  louder 


please”  embarrass  the  hard  of  hearing.  The  com-  used  is  also  foreseen. 


pact  hearing  aid  of  today  with  its  inconspicuous  ear 
button,  now  admits  the^e  people  to  a  world  from 
which  partial  deafness  had  formerly  isolated  them. 
This  has  been  made  possible  by  smaller  tubes. 


Designers  of  electronic  equipment  are  invilf<f 
work  with  TUNG-SOL  engineers  in  the  phn- 
of  circuits  and  in  the  selection  of  tubes.  Cod; 
tation  work  of  this  character  is  held  in  strn 


In  countless  applications,  TUNG-SOL  Miniature 
Tubes  do  everything  the  large  old  style  tubes  did 
and  in  most  cases  are  doing  it  better. 

To  manufacturers  of  radio  sets  and  electronic  de¬ 
vices,  size  and  weight  reduction  is  sp  important  that 
TUNG-SOL  is  now  producing  many  of  the  new 


confidence. 

TUNG-SOI 

ELECTRONIC  TUB* 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NE’»  J®*  ^ 

Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current 
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AUDIO  DEVICES,  IIVC.,444 
Madison  Ave.,  New  York 
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That  compelling  force 
—the  demand  for  qual> 
ity— has  spurred  Audio* 
discs  to  ever  greater 
production.  Each  month 
we  manufacture  a 
larger  number  of  these 
superior  recording 
blanks,  but  most  of  this 
increase  must  be  de* 
voted  to  radio  pro¬ 
grams  for  the  armed 
forces.  Yes,  we  travel 
far  to  aid  the  war 
effort  — and  we  have 
traveled  far  In  qualltf 
that  means  better  re¬ 
cordings  both  now  and 
in  the  years  to  come. 


Quaker  City  Gear  Works 

INCORPORATED 


form  an  electrostatic  barrier  to 
electron  emission.  This  tube,  op¬ 
erated  at  25  ma  and  50-60  kv  with 
two  windows,  gave  results  which 
apparently  approach  practical 
speeds.  The  problem  of  feeding 
crystals  into  the  x-ray  beam  on 
each  side  of  the  tube  with  absolute 
safety  to  the  operator  was  solved 
by  designing  drum  shaped  fixturei 
(See  page  166,  Electbonics,  Nov., 
1944.) 

Army  Radio  Relay 

A  description  of  radio-relay  com¬ 
munication  systems  in  the  U.  8. 
Army  was  presented  by  Lieutenant- 
Colonel  William  S.  Marks,  Jr.,  Cap¬ 
tain  0.  D.  Perkins,  and  W.  R.  Clark, 
Signal  Corps  Ground  Signal  Agency, 
Asbury  Park,  N.  J. 

The  Army's  vhf  radio  relay  sys¬ 
tem  may  be  used  either  to  integrate 
wire  and  radio  circuits  or  as  a  sep¬ 
arate  system  in  much  the  same 
manner  as  wire  circuits. 

The  heart  of  this  system  is  the 
broad  band  fm  radio  set  developed 
by  the  Camp  Coles  Signal  Labora¬ 
tory  of  the  Signal  Corps  Ground 
Signal  Agency  with  the  collabora¬ 
tion  of  Link  Radio  Corporation. 
This  set  is  capable  of  operation 
either  as  a  terminal  of  a  radio  cir- 


WIRE  COMMUNICATION  SYSTEM 


9  9UMCT  TO  MTEmuPTION  FROM  EMEMT  ACTION,  laUMKRT  MM 
ADO  CLCCTRICAL  MTERFCRENCt  AT  AN  MFIMTt  NUMKR  OF  FOMN 
ALONO  CAKX  NOUn. 

4.  NOT  SUITAIU  FOR  TRAMMISSION  OYCR  UUNC  tOOlO  OF  WM 
OR  TERRITORY  CONTROUXO  RY  TNC  ENEMY 


.  RAWO  TCRINHAL  UTt  AN/TAC- 1  / 


yRAOM  AtUlY  tm  AR/fe-l 


P-  □ 


0-0 


-*•**'••*•'•-0  luno  COMMUNICATION  SYSTEM 

I  AFFROXMATELY  1$  SHR-T0N9  OF  EOUFMENT  ROOK^Il,* 
9YSTEM  LENOTH  OF  100  MIU9  W  AVERAOE  TERRAM.  WW™ 
NUMRER  OF  RAOM  RELAY  SET*  MAT  RE  REOUCEO.OR  Onn 
LENRTM  MAY  RE  SKREASEO  WTNOUT  ADDITIONAL  EOUIFW. 
RMEN  RAOW  SET*  ARE  INSTALLED  OR  HISH  EUIMTIO*l  ^ 
AFFORD  LOR*  TRANSMISSION  RATH*  (WITNOOT  SREATLt  •• 
CEEDINS  UNC-OF-SIOMT)  SETWEEN  STATIOM*. 

A  INSTALLED,  OFERATEO  ANO  MAINTAINED  RY  A  SMAU  FOROO  O' 
MEN  WITHOUT  SFECIM.  EQUIFMENT  OR  MATERIAU. 

9.  SURJECT  TO  INTERRUmON  FROM  ENEMY 

FASJURf  AMO  RADIO  INTERFERENCE  AT  S  FONIT*  ONLY. 

4  WELL  AOAFTED  FOR  TRANSMISSION  OVER 

ROOIES  OF  WATER  OR  FORTWR*  OF  TERRITORY  COR™*"- 
ST  THE  ENEMY. 

Tactical  comparison  ol  wire  and  ^ 
radio  transmission  for  army  use. 
minal  equipment  is  identical  for 
systems 
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WHEN  IT'S 

SELBCIIVE  BUYING  AGAIN 


General  Plate  Laminated  Metals 
ran  help  put  Your  New  Products 
Out  In  Front 

Some  day  soon  .  .  .  buying  will  be  done  on  a  se¬ 
lective  basis.  Then  you  will  have  to  have  every 
improvement  .  .  .  economy  of  operation,  per¬ 
formance  such  as  long  life,  and  price  in  your 
favor.  General  Plate  Laminated  Metals  can  help 
put  your  product  out  in  front  in  the  competitive 
stages.  Here’s  how  ...  in  electrical  equipment,  it 
gives  you  better  electrical  performance  at  a  frac¬ 
tion  of  the  cost  of  solid  silver  ...  in  chemical 
apparatus,  it  gives  you  corrosion  resistance,  in- 
siae,  outside  or  both  ...  in  other  applications, 
ease  of  fabrication,  low  cost,  plus  long  life. 

No  matter  what  your  contemplated  postwar 
products  .  .  .  peanut  tubes  or  giant  turbines  .  .  . 

General  Plate  Laminated  Metals  can  do  a  better, 

•more  economical  job  for  you. 

GENERAL  PLATE  DIVISION 

OF  METALS  &  CONTROLS  CORPORATION 

50  Church  St.,  New  York,  N.  Y.  •  205  W.  Wocker  Drive,  Chicago,  III.  •  181  E.  Main  St.,  Centerbory,  Ohio 
•  2635  Page  Drive,  Altadena,  California  •  Grant  Bldg.,  Room  603,  Pittsburgh,  Pa. 

ATTLEBORO,  MASSACHUSETTS 


Investigate  General  Plate  Laminated  Metals, 
today.  They  are  available  in  raw  stock  or 
wholly  fabricated  parts  of  precious  metals  lam¬ 
inated  to  base  metals  or  base  metals  laminated 
to  base  metals.  .  .  .  Each  and  every  combination 
is  designed  to  do  a  specific  job  for  you  better 
and  more  economically.  Write,  specifying  your 

f>articular  problems  and  our  engineers  will  glad- 
y  make  their  recommendations. 


OESCRIPriON- 

OVERTR^v®  I  ;?’°' 
PRE travel  - 
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cuit  or  as  an  automatic  radio  relay. 
It  is  used  in  conjunction  with  the 
Army’s  telephone  spiral-four  car¬ 
rier-cable  system  which  provides 
the  practicable  terminal  equipment 
whereby  a  radio  circuit  can  be  in¬ 
tegrated  with  the  wire  circuit,  or 
substituted  therefor,  in  whole  or  in 
part,  as  necessity  dictates. 

The  accompanying  table  shown  a 
tactical  comparison  of  wire  and  vhf 
radio  transmission  facilities.  Tele¬ 
phone  and  telegraph  terminal 
equipment  is  common  to  both  the 
radio  system  and  the  spiral-four 
wire  system. 

Duplex  operation  is  achieved  by 
the  use  of  separate  receiving  and 
transmitting  frequencies  at  each 
radio  set.  Four  telephone  channeb, 
each  approximately  2800  cycles 
wide,  within  an  audio  frequency 
band  of  200  to  12000  cycles  are  (A- 
tained  from  the  telephone  terminal. 
Channel  1,  operating  at  voice  fre- 
normally  used  as  an 


SMALLER  SIZE... 
SIMPLER  ADAPTATION 
LONGER 


quencies,  is 
order  channel  for  intercommunica¬ 
tion  between  terminals  and  rday 
sets  for  supervision  and  line-up 
purposes  within  the  system.  Each 
radio  set  is  equipped  with  filters  to 
confine  the  order  channel  to  the 
band  200  to  3000  cycles  and  prevent 
mutual  interference  with  the  car¬ 
rier  frequency  channels. 

Ringing  over  the  individual  tele¬ 
phone  channels  is  accomplished 
from  field  telephones  or  switch- 


Do  you  need  longer  life,  open  blade  switches  in  smaller  sizes 
to  solve  many  installation  problems?  If  so,  you  will  be  de¬ 
lighted  with  these.  Now  you  can  really  design  for  compactness 
with  switches  that  users'  tests  have  shown  well  above  ten 
million  actuatione.  They  can  handle  1 5  amps,  at  1 1  5  volts  A.C. 
Made  for  normally  open  or  normally  closed  circuits  and 
double  throw.  Also  well  adapted  to  mounting  in  multiples. 
Standard  pressure  range  from  3  to  5  oz.  Engineered  with  the 

same  positive  beryllium  Rolling 

4  Spring  action  that  built  the  Acro- 

Snap  reputation.  (Similar  char¬ 
acteristics  applicable  to  vertical 
mounting  model  shown  below). 
ACRO  basic  pin  actuator  switch 
code  No.  HRD7-1A2T  approved 
under  spec.  AN-S-39  Dwg. 
AN3210-1.  Other  ACRO  Rolling 
Spring  Switches  made  to  over 
1,000  different  specifications. 
Write  for  further  details. 


Components  of  radio  commonl 
field  terminal  equipment.  Traai 
and  receiver  are  at  center 


boards  by  the  use  of  voice  fr*' 
quency  ringers  which  provide  a 
1000  cycle  tone  modulated  by  the 
20  cycle  telephone  ringer. 
teletype  channels  may  be  provid 
over  any  one  telephone  channel  ^ 
the  connection  of  the  telegrap 
terminal.  Facsimile  service  maj 
obtained  by  the  use  of  facsii"*^ 
terminal  equipment.  .  , 

,  The  field  components  of  a  typi» 
radio  set  included  are  a  horizon^ 
three-element  antenna,  array 
prising  a  driven  dipole  fed  bj  a 

Ucrd,  (MS-ELECTKONiC 


THE  ACRO  ELECTRIC  COMPANY 

11316  SUPERIOR  AVENUE 


CLEVELAND  14,  OHIO| 


FOR  EVERY  SMALL  TORINO  APPLICATION  FROM  OD  DOWN 

SlTtRlOR  Seamless  in  various  analyses.  WELDRAWN  Welded  and  drawn  Stainless,  “Monel”  and  “Inconel’ 

SEAMLESS  and  Patented  LOCKSEAM  Cathode  Sleeves 
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ohm  flexible  solid  dielectric  coaxial 
transmission  line  and  parasitically 
excited  reflector  and  director  di¬ 
poles,  all  adjustable  in  length  to  the 
operating  frequency  and  supported 
on  a  mast  head  by  a  40-foot  sec¬ 
tional  steel  tube  mast,  and  a  2600-w 
116-v,  60-cycle,  gasoline  engine 
driven  generator. 

A  250-w  radio-frequency  ampli- 
fler  is  available  as  auxiliary  equip, 
ment  for  use  with  the  50-w  radio 
transmitter  to  increase  signal 
strength  over  unusually  long  or 
noisy  transmission  paths. 

Commercial  vhf  fm  police  radio 
sets  were  used  in  the  North  African 
Theater  of  Operations  in  conjunc¬ 
tion  with  two-tone  telegraph  ter¬ 
minal  apparatus  to  provide  the  first 


SSD 

DYNAMIC 


A  radio  relay  station  in  North  Alriea 


employment  of  radio  relay  systems 
and  of  radio  teletype  in  tactical  op¬ 
erations  by  Allied  Military  Forces. 

Additional  radio  teletype  facil¬ 
ities  were  provided  during  the  Si¬ 
cilian  campaign  by  a  duplex  sys¬ 
tem  from  Tunis  to  Malta  with  relays 
on  Cape  Bon  and  Pantelleria. 

Radio  relay  was  the  link  between 
American  VI  Corps  at  Anzio  beach¬ 
head  and  its  commanding  Fifth 
Army  whereby  primary  means  of 
communication  for  this  vital  oper¬ 
ation  was  provided  across  enemy 
territory  in  a  manner  impossible 
with  wire  lines. 

Early  in  1944,  plans  for  the  in¬ 
vasion  of  Europe  across  the 
English  channel  included  the  use 
of  the  newly  developed  vhf  fm  mul¬ 
tichannel  equipment.  Preliminary 
tests  along  the  coast  of  Maine  (over 
comparable  topography  to  the  ten¬ 
tative  cross-channel  route 
formed  with  the  new  equipment) 
solved  technical  problems  of  propa¬ 
gation  anticipated  in  the  comin? 
operation.  Facilities  were  installed 
in -England  prior  to  D-day. 

On  the  second  day  after  the  ini 
tial  landing  on  the  Normandy  coas 

Merth  —  ELECTRONICS 


Aee  Hi^k  h  Perfomatiee 


Modcmiy  styled,  rusgedly  built,  yet  precision  engineered  to 
deliver  accurate  transmission  of  any  given  sound  with  unfailing 
dependability,  TURNER  S2D  Dynamic  microphones  have  won 
world-wide  reputation  for  ACE  HIGH  performance  under  any  cli¬ 
matic  or  acoustic  condition.  In  demand  today  for  essential  commu¬ 
nications,  22D  has  wide  application  in  military  and  industrial  areas 
as  well  as  for  critical  recording,  P.A.  or  broadcast  work. 

When  you  build  or  design  electronic  com-  /  ■ 

munications  equipment  it  will  pay  you  to  /  . 

investigate  .  .  .  and  TURJSl  to  Tl5R>iER  for  I,  - 

ACE  HIGH  performance.  Write  today  for 
Free  TURAiER  Catalog  giving  pertinent  in-  \  Ml. 

formation  on  all  TURT^ER  Microphones,  I  m  IQfsp. 


r'T’CC  Turner  Catalog. 
Write  for  your  copy. 
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A  MODERN  SYLLOGISM 


MAJOR  PREMISE: A  . 


Bell  Telephone  System  serves  the  American  Public. 


s 


MINOR  PREMISE! 


Bell  Telephone  btibofotories  develop  the  facilities  of 
the  Bell  System.  ' 


CONCLUSION: 


Therefore,  Bell  Laborotories  serve  the  American  Public. 


bell  telephone  laboratories  explore  and  invent,  devise  and  perfect  for  our  Armed 
forces  at  war  and  for  continued  improvements  and  economies  in  telephone  service^ 
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And  that  is  the  raison  d'etre  of  the  Laboratories. 
For  the  Bell  Telephone  System,  the  Laboratories 
Mrry  on  research  studies  in  all  the  sciences  and 
t^evelopment  work  in  all  the  engineering  arts  that 
relate  to  electrical  communication. 


For  the  Western  Electric  Company,  the  manufac- 
^ring  unit  of  the  System,  the  Laboratories  develop 


equipment,  prepare  specifications  for  its  construc¬ 
tion,  and  engage  in  various  engineering  activities. 


For  the  Armed  Forces  of  the  United  States,  under 
contracts  of  the  Western  Electric,  the  Laboratories 
have  undertaken  more  than  a  thousand  develop¬ 
ment  projects  —  many  with  spectacular  effect  upon 
our  enemies. 


mission  of  air  reconnaissance  in¬ 
formation  on  military  objectives 
from  Tactical  Air  Command  Head¬ 
quarters  in  England  to  the  inva¬ 
sion  forces  in  Normandy.  Shortly 
thereafter,  full  multichannel  tele¬ 
phone  and  teletype  facilities  were 
provided  from  Central  Headquar¬ 
ters  in  England  to  the  field  com¬ 
manders  of  the  First  US  Army  in 
France.  The  Air  Forces  linked 
their  base  command  establishment 
by  means  of  similar  radio  circuits 
As  the  Armed  Forces  progressed 
across  France,  additional  radio  re¬ 
lay  facilities  were  established  for 


Herilietic  Seals 


Conforming  to  Army-Navy  requirements 
for  critical  field  conditions 

Transformers,  condensers,  relays,  vibrators 
and  various  component  parts  can  now  be 
protected  against  heat  and  tropical  humidity, 
salt  spray,  sand  infiltration,  fumes,  fungus 
attack  and  other  varied  conditions  that  cause 
sensitive  equipment  to  fail  under  critical 
conditions. 

In  the  laboratories  beyond  Sperti,  Inc.,  tech¬ 
niques  have  been  discovered  which  permit 
volume  production  of  improved  Hermetic 
Seals  at  low  cost,  safeguarded  by  unique  in¬ 
spection  methods. 

Principal  features  of  the  improved  Sperti 
Hermetic  Seal  are: 

1.  Small,  occupies  little  space,  one  piece,  no  other 
hardwore  needed,  simple  ond  easy  to  attach.  (Solder¬ 
ing  temperature  not  critical.) 

2.  Vacuum  tight  hermetic  bond,  hydrogen  pressure 
tested  for  leaks. 

3.  Resistant  to  corrosion. 

4.  High  flash-over  voltage.  Does  not  carbonize. 

5.  Insulation  resistance,  30,000  megohms,  minimum, 
after  Navy  immersion  test. 

6.  Thermal  operating  range— 70°  C.  to  200°  C.  Will 
withstand  sudden  temperature  chdnges  as  great  as 


Radio  relay  terminal  equipment  as  s(t 
up  in  the  field 


both  tactical  requirements  in  the 
forward 


and  for  adminis¬ 
trative  purposes  in  the  rear  com¬ 
munication  zone.  With  the  installa¬ 
tion  of  additional  cross-channel  fa¬ 
cilities,  and  of  wire  lines  and  other 
radio  circuits  on  the  continent,  the 
radio  relay  systems  became  part  of 
a  completely  integrated  and  com¬ 
prehensive  network  of  telephone, 
teletype  and  telegraph  circuits. 


Electrometer  Tube 

Minute  measurements  with  an 
electrometer  tube  having  the  func¬ 
tions  of  the  grid  and  plate  re¬ 
versed  were  described  by  W.  A 
Hayes  of  Westinghouse.  The  sensi¬ 
tivity  of  the  tube  is  made  possible 


Wire  or  phone  fer  information,  today.  Give  at 
compiete  detaiit  as  possibie  so  that  tampies  and 
recommendations  may  be  sent  promptiy. 


by  an  extremely  low  grid  current 
and  a  high  grid-to-cathode  resis¬ 
tance  (Electronics,  December. 
1944,  page  176). 

It  was  pointed  out  that  specif 
regulated  power  supplies,  althoji^ 
useful,  are  not  generally  requirec 
for  operation  of  an  instrument  o 
this  type.  Experience  in  the  1^^ 
atory  has  indicated  that  orduu^ 
radio-type  batteries, 
seasoned,  are  entirely  satisfa^^- 


RESEARCH,  DEVELOPMENT,  MANUFACTURING,  CINCINNATI.  OHIO 
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Fil>er({liiK  and  ilN  eietMrical  insula- 
lion  and  [troperlies. 


EXTENSIVE  STOCKS  OF  FIBERGLAS 


Electrical  Insulation 

TAPES 

are  available  at  M-R 
“Electrical  Insulation 
Headquarters” 

FOR 

IMMEDIATE 

DELIVERY 

and 

Complete  Protection 

of  your 

Electrical  Equipment 


iBsniE^r 


flK  FOR  THE  ASKING 

cImJ*  1^°^  Free 

Tubing 


Overloading  .  .  high  or  low  temperatures  .  .  niois* 
ture  ...  corrosive  acids,  vapors  or  fumes.,  oils 
.  .  greases  .  ..dust  or  olirt,  the  destructive  ele¬ 
ments  of  ordinary  electrical  insulations  WON’T 
AFFECT  M-R  FIBERGLAS 
INSULATION. 

The  success  story  of  Fiherglas  Insulul- 
ion  ahoun<ls  with  fewer  breakdowns,  less 
maintenance,  elimination  of  waste,  sav- 
ings  in  lahor  and  materials  and  proves 
its  value  as  the  optimum  in  electrical  in¬ 
sulation  protection. 

Widths  range  from  ,*s  to  ll-i  inches; 
Thicknesses:  .003" -.005"  -.007"and.0l0''. 

Tensile  Strength:  extraordinary  —  ex¬ 
ample— tape  1 2"  wide  ami  .003  thick— 
80  pounds.  Fiherglas  tapes,  because 
they  are  greater  in  tensile  strength, 
should  he  specilied  one  size  thinner  than 
other  makes. 

Obtain  your  Fiherglas 
Electrical  Insulation  from  O 

MITCHELL-KANI) 


GUIDE 

BOOK 

'35’ 


S'*!!™!"?'**  T''®'"  *'**  0  to  20  to 

T  -325  inches  .  .  ,  other 

•ricol  l«.. *!'*!*'  Guide  Book  of  Elec 

tobl»«  Wall  Chart  with  reference 

iuflot.  tf*V***  .*yn>bols,  allowable  capacities  of  con 

j  overages,  thicknesses  of  insulating 
Como^nH  .  and  the  M-R  Wax  and 

tion  wr%  'x*  .  .  ,  they  ore  full  of  valuable  mforma 

_  *  ® «  write  tor  them  on  your  letterhead. 


MITCHELL-RAND  insulation  company,  INC. 


51  MURRAY  STREET 

'm".’'*’  Tep.  Cleft. 

f-i.,  eReri  Ttwin«t 

fr-ch,.  t"’  C.mpe.ed. 

9rm9r  Cpmp^umdt 


COrtlandt  7*9264 


A  PAPTIAL  LIST  OF  M-R  PRODUCTS 

Fib.rqlos  Ireided  Sleeving 
Cotton  Tepe,.  Webbing,  ond  Sleeving, 
Impregneted  Vernhb  Tebing 
U,Mlatinq  Verni,).*,  ot  ell  type. 


NEW  YORK  7,  Ne  Ye 


Fibergle,  Sbtwreted  Slewing  end  Varni,hed  Tvbing 

A,be,te,  Sleeving  end  Tepe 

Eitreded  Ple,tic  Tebieg 

Vernithcd  Cembric  Cleth  end  Tnpc 

Mice  Plete,  Tepe.  Pepwr.  Cietli  end  Tubing 
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pends  upon  the  sensitivity  of  the 
indicating  galvanometer  used  in 
measurement. 

One  method  of  partial  compensa¬ 
tion  for  drift  is  to  obtain  both  fila¬ 
ment  and  bias  potentials  from  a 
common  source  and  by  suitable  ad¬ 
justment  of  components  the  varia¬ 
tion  is  made  proportional  for  botii 
elements.  This  method  and  sev¬ 
eral  others  may  be  used  where  ex¬ 
treme  sensitivity  and  accuracy  ii 
required.  To  measure  to  0.1  mv, 
a  4.5-9.0-volt  dry  battery  on  the 
anode  and  a  6-volt  storage  battery 
for  filament  and  bias  supply  will 
provide  ample  stability  to  make  the 
measurement.  Readings  more  ac¬ 
curate  than  that  require  compensa¬ 
tion.  A  change  of  0.01  mv  can  be 
detected  under  these  conditions  us¬ 
ing  a  galvanometer  having  a  sensi¬ 
tivity  of  0.0005  jta. 

Selectivity  of  Supet've generative 
Receivers 

Selectivity  design  parameters  of 
superregenerative  receivers  were 
given  by  Allan  Easton  of  Emerson 
Radio,  who  stated  that,  contrary  to 
popular  opinion,  the  selectivity  of  a 
very  high-frequency  superregener¬ 
ative  detector  is  better  than  can  be 
obtained  with  tuned  circuits.  Study 
of  the  effect  of  circuit  elements  on 
the  selectivity  of  a  production  re¬ 
ceiver  showed  a  total  bandwith  of 
5  percent  for  a  double-tuned  an¬ 
tenna  transformer  alone,  while  it 
was  1.75  percent  for  the  superre¬ 
generative  detector  alone. 

The  receiver  examined  contained 
a  selective  antenna  transformer, 
buffer  amplifier,  superregenerative 
detector,  quench  oscillator  and  au¬ 
dio  amplifier. 

After  measurement  of  the  contri¬ 
bution  of  the  antenna  and  detector 
stage  transformers  to  the  total  se¬ 
lectivity  characteristic,  it 
found  inadvisable  to  depend  upon 
antenna  transformer  selectivity  be¬ 
cause  of  leakage  of  strong  signals 
which  bypass  the  transformer. 
Modification  of  the  superregenera- 
made  to  meet  the 


COHCER*^ 


All  our  modern  production 
facilities,  manpower  and  ma¬ 
terials  are  engaged  in  supply¬ 
ing  our  armed  forces  with 
quality  electrical  resistance 
instruments.  Once  the  Victory 
has  been  won.  Broadcast  Engi¬ 
neers  everywhere  can  rely  on 
Tech.  Labs,  for  prompt  shipment 
on  precision  attenuators  and 
potentiometers. 


TYPE  600 


•  Stainless  silver  contacts 
and  wiper  arms  elimi¬ 
nate  the  necessity  of 
frequent  cleaning  and 
result  in  less  noise. 


•  Better  insulation  and 
moisture  proofing  result 
in  superior  performance. 

•  Improved  mechanical 
construction  —  pinned 
rotor  hubs  and  detent 
gears — results  in  longer 
trouble  free  operation. 


TYPE  700 


tive  detector  was 
selectivity  requirements. 

Data  on  the  effects  of  quench  fw- 
quency  and  amplitude  over  a  wi  e 
range  of  values  showed  a  depen 
ence  of  selectivity  on  these  factor*. 
The  total  bandwidth  is  roughly  pr<^ 
portional  to  quench  frequency  nn 
amplitude.  Although  no  siinple  cor 
relation  between  sensitivity  nn 

ktareh  | W5  — 


COILS,  MAW,  Mism,  oene  ain't  mo  smortaqs. 

ALBION  CAM  SNIP  ALL  BE  COILS  TOO  MEEOf 


SUPER.QUALITY  COILS  AT  REASONABLE  PRICES 

^ore  and  more  every  day,  the  industry  is  turning  to  Albion 
fast,  quality  and  quantity  production  of  coils,  chokes, 
transformers.  That’s  because  here  you  benefit  from 
unbeatable  combination  of  management  "know  how,” 
^lulled  workmanship,  streamlined  facilities,  and  central 
location.  Your  requirements  will  be  given  prompt  and 
^^oughtful  attention. 
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COIL  COMPANY 

ALBION,  ILLINOIS 

R.  F.  AND  TRANSMITTING  COILS  AND  CHOKESi 
I.  F.  TRANSFORMERS 


QUICK  NUTING 
aEMINT 


t  INTnCHANGCAIlE 
TIPS  - 

0  13  3  4  S 


lAr  Weighs  only  1 4  ozs. 


^225  Watts  — Powerful! 


if  Heats  In  only  90  Seconds 


Only  the  Kwikheat  has., . 

Built-in  Thermostatic 


Heat  Control 


IIUUI  VUIIIIUI..  .  Check  the  exclusive 
advantages  that  put  the  Kwikheat  Soldering  Iron  in  a 
class  by  itself . . ,  it’s  HOT,  ready  to  use  only  90  seconds 
after  plugging  in.  Saves  time.  The  built-in  thermostat 
keeps  the  Kwikheat  Iron  at  correct  temperature  for 
most  efficient  work— can’t  overheat— saves  re-tinning 
time.  Powerful,  225  watts,  yet  it’s  light  (14  oz.)— well- 
balanced.  Cool  —  safe  —  protected  handle.  Six  inter¬ 
changeable  tip  designs  enable  one  iron  to  do  most  jobs. 
You  cannot  afford  to  overlook  the  Kwikheat  Soldering 
Iron.  Write  today  for  complete  information  — $1 1  list. 


THERMOSTATIC  SOLDERING  IRON 

A  Division  of 

Sound  Equipment  Corp.ot  Calif  •  3903  San  Fernando  Rd..  Glendale  4,  Calif. 


quench  constants  exists,  the  signal- 
to-noise  ratio  is  greatly  improved 
as  quench  frequency  and  ampli- 
tude  are  reduced.  For  100-Mc  op¬ 
eration,  optimum  values  were  50 
kc  and  3  volts  rms  amplitude. 

It  was  found  that  bandwidth  in 
selectivity  decreased  by  a  ratio  of 
2:1  as  the  size  of  the  detector  grid 
capacitor  was  reduced  from  50  /i/if 
to  10  ju,/if.  Detuning  on  strong  sig¬ 
nals  was  reduced  by  a  larger  ratio. 

R-F  Spectrum  Analyzers 

A  mathematical  discussion  of  the 
properties  of  tuned  circuits  in 
terms  of  the  relations  between 
bandwidth,  resolving  power  and 
repetition  rate  was  presented  by 
Everard  Williams  of  Air  Technical 
Service  Command,  W’right  Field, 


Block  diagronn  of  the  eBsentiol  elemMti 
of  the  ipectrum  analyzer 

and  Dale  Pollack  of  Templetone  Ra¬ 
dio  Co.  The  authors  discussed  two 
types  of  radio-frequency  analyzers 
— the  generalized  continuously 
tuned  spectrum  analyzer  for  radio- 
frequency  analysis,  and  one  m 
which  the  analyzer  is  an  adjunct  to 
a  conventional  radio  receiver,  de¬ 
signed  to  show  a  band  on  either 
side  of  the  frequency  to  which  the 
receiver  is  tuned.  Application  of 
the  theory  to  the  design  of  a  spe¬ 
cial-purpose  analyzer,  the  air-borne 
AN/APA-10,  was  shown.  A  com¬ 
plete  chassis  and  several  sub-as¬ 
semblies  were  shown. 

Direct  Current  from  Oseilldto^ 

Design  and  construction  of  * 
fractional-mu  triode  and  its  use’D 
an  oscillator  circuit  for  supply*^ 
direct  current  to  a  cathode-ray  tu^ 
was  described  in  a  paper  by  K- 
1  Hergenrother  and  R.  L. 

I  of  Hazeltine  Corp.  If  the  tube 
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DECADE  INDUCTANCE 


ISOLATING  TRANSFORMER 


VOLTMETER  CALIBRATOR 
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A  noteworthy  addition 
V31J/  to  the  highly  specialized 
N.Y.T.  line  of  custom 
designed  transformers,  chokes  and 
filters  is  this  new  precision  test 
equipment.  The  N.Y.T.  Decade 
Inductance,  the  N.Y.T.  Isolating 
Transformer  and  the  N.Y.T.  Volt¬ 
meter  Calibrator  all  embody  the 
high  degree  of  quality  and  engi¬ 


neering  heretofore  associated  with 
this  name. 

N.Y.T.  engineers  have  other  post¬ 
war  projections  already  in  the 
blueprint  stage.  Each  will  fulfill 
a  purpose  and  need  in  industry . . . 
each  will  formulate  a  nucleus  for 
continued  achievement  in  the 
field  of  electronic  engineering. 
Data  on  request — no  obligation 
incurred,  of  course. 


NEW  YORK  TRANSFORMER  CO. 

26  WAVERLY  PLACE,  NEW  YORK  3,  N.  Y. 
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fortable  isolating 

TRANSFORMER; 

Compoct,  •fRciant,  light-waighl. 
Joiipg  250  V.A.,  115  volti,  ratio 
3  phots.  Wide  frequency 
ronce— 60  »o  2400  eyelet. 


voltmeter  CALIBRATOR: 

A  Ml(.<ontain*d  (owre*  of  oxoct 
AC  vollogo  for  motor  calibration 
^tpotot.  Veltogo  occuroto  to 
bottor.  Eliminotot  ox- 
®*"*i»o  ttondord  calibrating  mo- 
'•tt.  Rongo  .01  to  1000  volti.  in 
•'•Pt  of  .01  volt. 


SFECIAL  decade  INDUCTANCE: 
Avoiloblo  rongot  0.01,  0.1,  1.0, 
10,  100  honriot.  Accuracy  ±7% 
at  1000  cyclot.  Stondord  typot 
in  othor  rongoi  with  occurocy 

±S%. 


7 HEY  call  it  LOGISTICS  in  war  . . .  the  difficult 
science  of  getting  supplies  to  the  fronts  where  they 
can  be  used.  Post-War  Reconversion  will  involve  the 
some  problems  . . .  just  another  phase  of  war  itself. 

CORWICO  Wires,  so  long  practically  non-existent  for 
American  industry  because  of  our  national  emergency, 
will  figure  importantly  in  the  new  Logistics  of  Recon¬ 
version.  Soon  you  will  be  able  to  get  these  scientific 
strands  for  peacetime  uses  . . .  and  the  world  will  stride 
into  a  new  era  of  construction  and  expansion  in  which 
you'll  no  longer  be  . 


an  amplification  factor  less  than 
unity,  it  was  shown  that  the  direct 
voltage  developed  across  the  grid 
leak  greatly  exceeds  the  magnitude 
of  the  anode  supply  voltage. 

Conventional  triodes  were  first 
employed  as  inverted  tubes,  with 


Circuit  of  couTentional  trioda  onaa^td 
with  plate  and  grid  rerereed  to  operol* 
as  a  froctional-mu  tube  for  high-voltoqt 
output  across  the  grid  leok 

the  grid  functioning  as  the  anode 
and  the  plate  as  the  control  element 
With  this  connection,  the  mu  of 
the  tube  becomes  the  reciprocal  of 
the  conventional  value.  Large  grid 
conductance  and  small  allowable 
grid  dissipation  of  most  tubes  lim¬ 
its  the  anode  supply  voltage  for  the 
oscillator  to  less  than  100  volts.  It 
was  also  found  that  conventional 
tubes  are  not  capable  of  withstand¬ 
ing  high  voltage  between  elements. 

It  was  found  that  a  fractional-mu 


Oscillating  at  a  frequency  of  12S  ^ 
this  circuit  develops  a  potential  aa^ 
the  grid  leok  of  18  times  the  onodi 
supply  voltage.  Special  constnicll* 
of  the  tube  provided  a  mu  leu 
unity 

oscillator  tube  to  be  used  as  * 
generator  of  d-c  voltage  of^® 
order  of  6000  volts  from  anod^ 
supply  voltages  of  300  volts 
conform  to  these  requirements. 

(1)  The  mu  should  be  about  0.1- 

(2)  The  control  element  shooifl 
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NEW  Oscillator 


100  To  500  Me 

THIS  NEW  oscillator,  designed  for  use  as  a  general- 
purpose  laboratory  instrument,  uses  the  new  Butter¬ 
fly  Circuit  which  obviates  the  difficulty  of  sliding 
contacts  in  any  part  of  the  circuit  and  ^ovides  a 
source  of  ultra-high-frequency  power  sufficient  for 
most  laboratory  measurement  needs. 

Some  of  its  features  are: 

•  Dial  calibrated  directly  in  megacycles  with  an  accuracy  of  I  per  cent 

•  Vernier  dial  with  100  divisions,  covering  the  tuning  range  in  10  turns 

•  Output  through  a  coaxial  jack  to  which  is  attached  a  pick-up  loop  to 
provide  variable  coupling  to  the  oscillator 

•  Output  of  one-half  watt  with  the  power  supply  furnished 

e  Output  up  to  one  watt  at  the  highest  frequency  with  a  450-volt  power 
supply,  provided  certain  precautions  are  taken  in  the  operation  of  the 
oscillator 

•  The  Type  857-PI  Power  Supply  furnishes  a  plate  voltage  of  350  volts 
and  filament  supply  of  2.5  volts  for  the  W.  E.  Type  316-A  tube  used 
in  the  oscillator 

•  Electron-ray  tube  incorporated  in  the  power  supply  to  show  oscillator 
grid  current 

Type  857-A  Oscillator  with  Type  857-PI  Power  Supply.  $250 

We  are  in  limited  production  now  for  high  priority  war  orders;  reservation 

orders  for  later  deliveries  are  being  accepted. 

A  complete  description  appears  in  the  G-R  Experimenter  for  November,  1944. 

If  you  do  not  have  a  copy,  write  for  Bulletin  930. 


general  RADIO  COMPANY 


Cambridge  39,  Massachusetts 
NEW  YORti  CHICAGO  LOS  ANGELES 
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Adaptable  to  All  Types  Crystal  Holders 
. . .  and  Available  in  Six  Scale  Ranges 

Enlarged  view  on  left  shows  thermocouple  connected  to  o 
standard  crystal  holder.  The  Model  40  comes  in  following 
scale  ranges: 

0®—  150®  C.  Minu$55°—Hut  90®  C. 

Mimit  40”— Plot  50®  C.  M/nu»  60®— P/ui  100®  C. 

Miiwi  50®— P/ui  100®  C.  Minut  8S”—Plut  85®  C 


ELEMATIC  EQUIPMENT  CORP. 

6  0  4  6  WENTWORTH  AVENUE,  CHICAGO  21,  ILLINOIS 


1,000  500  ^  j| 

£3  in  Volts 

Characteristic  curves  for  the 
mu  tube  show  that  1000  volts 
obtained  at  an  anode  potential 
volts 
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’*‘A((urate  Within  f '/r®. . .  DiVecf  Reading 
...Checking  Radio  Crystals  in  Soh-Zero  Range 


cathodes.  The  anode  consists  of  a 
plate  mounted  on  one  side  of  the 
cathode,  while  the  control  element 
consists  of  a  plate  on  the  other  side. 
The  mu  becomes  less  than  unity 
j  when  the  control  element  is  more 
I  distant  from  the  cathode  than  the 
anode.  The  anode  conductance  and 
the  transconductance  is  increased 
by  decreasing  the  cathode-anode 
distance.  Coating  the  cathode  on 
one  side  greatly  reduces  the  value 
of  the  uncontrolled  anode  current 
Tests  of  this  tube  in  an  oscillator 


Practical  construction  oi  iractional-ma 
tube  for  obtaining  several  thousand 
volts  across  on  oscillator  grid  leak.  Tkt 
cathode  strips  were  coated  on  the  tide 
toward  the  control  electrode 


Designed  especially  for  leading  radio  manufacturers,  this  Model  40 
Elematic  Pyrometer  is  unconditionally  guaranteed  for  accuracy.  It 
is  a  high  resistance,  precision  made  instrument— the  result  of 
exhaustive  tests  by  manufacturers,  as  well  as  our  own  engineers. 


The  Model  40  has  many  important  features:  a  special  compensator 
which  automatically  adjusts  instrument  for  variations  in  room  tem¬ 
perature  . . .  internal  shunt  that  retards  pointer  swing  ...  a  mirrored 
scale  to  avoid  parallax  errors  .  .  .  5%*  scale  with  Va"  numerals, 
2®  divisions  ...  6'  knife  edge  pointer . . .  sapphire  jewels  and  hand- 
lapped  pivots.  Comes  in  walnut  case  with  hinged  removable 
cover  and  leather  carrying  handle.  Write  for  further  information. 


999,P 

^-Ccrfhoafe-'' 


Control  electrode 
or  grid 


.  .  .  for  Bulletin  40 
describing 

CRYSTAL  CHECKING 
PYROMETER 


safely  withstand  a  negative  voltage 
of  12,000  volts  with  respect  to  all 
other  elements  and  supports. 

(3)  The  transconductance  at 
small  or  zero  bias  on  the  control 
element  should  exceed  the  total  cir¬ 
cuit  conductance. 

Several  experimental  tubes  were 
made  and  from  these  the  construc¬ 
tion  shown  in  the  diagram  was 
evolved.  The  central  element  is  a 
cathode  composed  of  a  directly- 
heated,  w-shaped  filament  or  a 
parallel  array  of  indirectly  heated 
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.YOUR  PROfiUCT 
I  PLANNIKG 
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The  Standard  Products  Co.,  manufacturers  of 
ihermo-plastics,  thermo-setting  plastics,  molded 
echanical  rubber  goods,  metal  stampings,  glass 
fun  window  channel,  munitions  and  automobile 
liardware,  have  compiled  a  comprehensive  brochure 
of  their  diversified  manufacturing. 

The  new  Standard  Products  Co.  Catalogue  is 
profusely  illustrated  and  offers  many  ideas  to  man¬ 
ufacturers  in  the  use  of  plastics,  steel  stampings, 
rnd  molded  rubber. 
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^5  Boulevard  Bldg. 


General  Offices  and  Research  Laboratory 
Woodward  Ave.  at  E.  Grand  Blvd. 


Detroit  2,  Mich. 


>HE  STANDARD  PRODUCTS  COMPANY 


BARKER  &  WILLIAMSON 


circuit  were  made  using  a  tuned 
circuit  with  a  bypassed  grid  leak 
connected  in 


series  between  the 
control  element  and  the  cathode, 
with  a  feedback  coil  in  the  anode 
circuit.  The  voltage  across  the 
grid-leak  was  16  times  the  anode- 
supply  voltage.  The  efficiency,  or 


23  percent.  The  circuit  was  d^ 
signed  to  operate  at  a  frequency  of 
125  kilocycles.  Current  of  several 
hundred  /xa  was  available  for  the 
load  circuit.  „ 

Crystal  Quality 

The  quality  of  coils  and  capaci¬ 
tors  is  defined  as  the  ratio  of  re¬ 
actance  to  resistance  and  expressed 
as  the  Q  of  the  unit.  Need  for  a 
similar  expression  for  the  qual¬ 
ity  of  crystals  was  pointed  out  in  a 
paper  by  I.  E.  Fair  of  Bell  Labor- 
Factors  which  determine 


atories. 

the  performance  of  crystals  were 
discussed  and  a  figure  of  merit,  M, 
for  expressing  quality,  and  a  per¬ 
formance  index,  PI,  were  suggested. 

The  measure  of  quality,  M,  is 
expressed  by  the  equation  M  = 
Q/r  =  l/(a),CojRi)  where 
o>i  =  the  angular  frequency  of 
the  static  or  par- 


resonance 
allel  capacitance  of  the  crystal; 
Rj  =  the  series-resonant  resistance 
of  the  crystal. 

Thus,  M  provides  a  ratio  of  the 
Q  of  the  motional  arm  to  the  ratio 
of  capacitance  of  the  crystal. 

The  quality  factor  M  has  no  di¬ 
mensions  and  is  purely  an  expres¬ 
sion  of  circuital  quality. 

The  performance  of  a  crystal  is 
determined  by  M  and  the  frequency 
of  operation  relative  to  its  reson¬ 
ant  frequency.  The  relative  fre¬ 
quency  is  determined  primarily  by 


Here  you  see  a  large  B&W  low-frequency 
variometer-type  inductor,  tailor-made  for  a 
war  equipment  application,  compared  in 
size  to  the  B&W  75-watt  ” Junior”  of  ama¬ 
teur  radio  fame.  If  a  25-watt  ”Baby”  were 
put  in  the  picture  you’d  hardly  see  it— 
and  some  of  the  new  coils  just  coming  off 
B&W  production  lines  are  many  times 
smaller  than  that ! 

The  point  is  that  B&W  offers  inductors 
in  the  broadest  assortment  of  shapes,  sizes, 
and  types  on  the  market  today.  Whatever 
your  requirement,  write  for  recommenda¬ 
tions  and  suggestions. 


>IOTE  THESE 
ADVANTAGES  OF 
B AW” AIR  WOUND’ 
CONSTRUCTION 


•  Weigh  less 

•  Mount  easier 

•  Less  susceptible  to 
damage 

•  Offer  greater  design 
adaptability 

•'Wound  to  uniform 
pitch 

•  Exceptionally  low 
dielectric  loss 


Sion  of  performance, 
pression  of  activity  in  terms  of  t « 
crystal  constants  and  the 
tance  of  the  rest  of  the  dscillstof- 
It  is  *  given  by  the  approxim* 
equation  PI  =  (C*  + 

or  PI  =  M/[o>,Co  (1  + 
where  C,  is  the  circuit  capacitw^ 
It  is  found  that  PI  is  i 

sonant  resistance  of  crysw 
circuit  capacitance  in  paw  ® 
the  oscillating  frequency. 

The  .grid  current  produced  m 
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Sp0ciali$t$  in  Pnrmannnt  Magnnts  Sine*  1910 


THE  INDIAHA  STEEL 
PRODUCTS  COMPANY 


Metallurgical  research  is  constantly  expand¬ 
ing  the  productivity  of  permanent  magnets, 
through  the  discovery  of  new  magnetic  mate¬ 
rials  and  alloys.  The  permanent  magnet  of 
today  is  capable  of  three  times  the  output  of 
magnetic  energy  of  that  of  1939,  and  7iine 
times  that  of  1917. 


The  proper  utilization  of  materials  in  per¬ 
manent  magnets  produces  a  specified  ability 
to  maintain  the  required  magnetic  field  after 
the  magnet  has  been  magnetized — often  de¬ 
spite  severe  external  demagnetizing  forces. 

The  development  of  permanent  magnet 
materials  of  higher  coercive  force  opens  up 
many  new  applications  of  larger  scope.  Our 
research  is  facilitating  these  applications  by 
employing  an  experience  of  more  than  a  third 
of  a  century  in  the  exclusive  manufacture  of 
permanent  magnets.  Our  engineers  are  avail¬ 
able  for  consultation  to  help  solve  your  prob¬ 
lems  in  the  use  of  permanent  magnets.  Write 
for  specific  information;  ask  for  free  copy  of 
pamphlet  '‘Permanent  Magnets  Have  Four 
Major  Jobs.” 


oscillator  by  a  crystal  of  particular 
PI  should  be  considered  a  charac¬ 
teristic  of  the  oscillator  circuit  and 
not  of  the  crystal.  By  thus  sepa¬ 
rating  the  crystal  from  the  oscilla¬ 
tor  circuit  and  viewing  each  on  its 
own  merits,  there  is  provided  a 
standard  of  quality  which  can  be 
measured  readily  and  accurately. 
It  also  leads  to  simple  formula  for 
the  theoretical  study  of  crystal 
quality  and  facilitates  better  de¬ 
sign  of  crystals  and  oscillator 
circuits. 

The  performance  index  is  there¬ 
fore  a  term  to  express  crystal  per¬ 
formance  not  in  terms  of  the  grid 
current  of  some  particular  oscil¬ 
lator,  but  in  a  fundamental  cir¬ 
cuital  unit-impedance.  It  is  a  term 
that  may  be  used  to  compare  per¬ 
formance  of  crystals  at  different 
frequencies.  Its  value  is  independ¬ 
ent  of  plate  voltage,  grid  leak  resis¬ 
tance  or  of  the  plate  impedance  of 
the  vacuum  tube  oscillator.  It  pro¬ 
vides  a  measuring  stick  that  should 
replace  the 


‘activity”  figures  of 
grid  current  insofar  as  the  crystal 
is  concerned. 

Performance  Index  Meter 
A  means  of  measuring  the  anti¬ 
resonant  resistance  of  a  crystal  to 
provide  a  value  of  PI  was  described 
in  a  paper  by  C.  W.  Harrison  of 
Bell  Laboratories. 

The  measurement  of  anti-reso¬ 
nant  impedance  directly  is  very  dif¬ 
ficult.  However,  this  impedance  is 
readily  computed  from  the  expres- 
where  Qi  represents  the 


Reduced  production  costs  is  the  key  to 
the  lower-prices,  increased-soles-vol- 
ume,  more-jobs  combination  needed 
for  post-war  prosperity.  Walker-Turner 
Flexible  Shafting  offers  a  proven  way 
to  bring  about  this  reduction — in  prod¬ 
ucts  involving  remote  control  or  the 
transmission  of  light  power  lo^ds! 


sion  QiX, 
effective  inductance  divided  by  the 
effective  resistance  of  the  crystal 
at  the  operating  frequency  and  X 
represents  the  reactance  of  the  ca¬ 
pacitance  introduced  by  the  oscil¬ 
lator. 

The  basic  circuit  used  for  the 
measurement  of  PI  is  essentially* 
Q-meter  circuit  with  the  exception 
of  an  additional  circuit  to  permit 
measurements  proportional  to  W- 
rather  than  to  just  Q.  The  addi¬ 
tional  circuit  is  an  attenuator  whic 
varies  with  frequency  in  the  saw* 
mannei*  as  does  the  reactance, 
The  output  of  this  network  is 
ured  by  a  vacuum  tube  voltmeo^ 
and  provides  readings  that  are  pm- 
portional  to  PI.  « 

‘  The  generator  differs  from  the  w 

meter  in  two  ways;  Cl) 
of  energy  has  to  be  control!  ^ 
the  crystal  under  test  and  (2) 

electronic  I 


By  substituting  Wolker-Tumer  Flexible 
Shafting  for  complicated  gear  systems 
in  these  applications,  design  is  substan¬ 
tially  simplified.  The  product  is  lighter, 
more  compact.  Less  material  is  re¬ 
quired.  Costly  machining  is  eliminated. 
Shipping  and  storage  costs  go  down. 
Write  today  and  let  us  put  our  years 
of  flexible  shafting  experience  to  work 
for  you! 


WALKER-TURNER  CO.,  INC 

Plainfield, 


New  Jersey 


COfflPonv  inc 
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Radio  Condenser  Company’s  policy 
of  direct  dealing  with  its  clients  — all  leaders  in  the 
Radio-Electronic  field  — means  a  great  deal: 

It  means  the  sales  expense  is  turned  into  engineer¬ 
ing  know  how.  Those  who  represent  R/C  are  recognized  vari¬ 
able  capacitor  experts  —  fully  capable  of  understanding  the 
•^problems  involved  — qualified  to  make  suggestions  — backed  by 
'  andeq^ely  familiar  with  the  largest,  most  complete  line  of  vari- 
i|^e  eapfe^tors  on  the  market  today  and  well  fitted  to  help  you 
^r^s^gctly  the  best  units  for  your  particular  product. 

‘  That,  in  large  measure,  is  the  ’’secret”  of  R/C 
speedy  economy,  quality  and  service. 


CAMDEN,  N.  J. 

RADIO  CONDENSER  COMPANY,  LTD.,  TORONTO,  CANADA 
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A  new  series  of  KAAR  radiotelephones,  offering  im¬ 
proved  performance  and  greater  convenience,  is  now 
available  to  police  and  fire  departments,  public  utilities, 
sheriffs’  offices,  railroads,  the  forestry  service,  and  simi¬ 
lar  users  of  radiotelephone  communication.  Designed 
with  the  needs  of  these  services  in  mind,  this  series 
provides  instant  heating  tubes,  single  channel  or  five 
channel  operation,  and  crystal  controlled  or  tunable 
receivers.  Notice  how  compact  this  equipment  is,  and 
how  it  is  immediately  accessible  for  tuning  or  servicing, 
although  the  cabinet  itself  may  be  permanently  secured 
to  a  shelf,  wall,  vehicle,  or  vessel. 


SERIES  46  •  50  WATT 
KAAR  RADIOTELEPHONE 


COMPARE  THE  ADVANTAGES 

. . .  and  you  will  get  a  KAAR  46 ! 

.  ir  INSTANT  HEATING  TUBES 


A  five  channel  transmitter  with  power  output  of  50  watts.  All 
five  channels  are  independently  tuned,  and  any  one  may  be  in- 
suntly  selected  by  turning  a  knob  on  the  front  panel.  Standard 
frequency  range  is  from  1600  to  6000  Kc.  Furnished  with  com¬ 
panion  tunable  or  fixed  tuned  crystal-controlled  receiver  as 
desired.  Power  supply  (8"x8''xl7")  is  a  separate  unit,  intercon¬ 
nected  by  a  12-foot  cable.  Available  for  operation  on  1 17  volts 
60 cycle  A.  C.,  12,32  and  110  volts  D.  C. 


Stand-by 

current  is  zero  — yet  there  is  no  waiting  for  tubes  to 
warm  up  before  sending  a  message!  Reduces  drain 
on  batteries  .  .  .  extremely  important  in  mobile  or 
marine  operation. 


★  FIVE  CHANNEL  TRANSMISSION... 

Any  one  of  five  channels  from  1600  to  6000  Kc  can 
be  instantly  selected  by  tu-ning  the  large  knob  on 
the  panel. 


SERIES  96 


100  WATT 
KAAR  RADIOTELEPHONE 


■k  CARRY  ONLY  1  SPARE  TUBE 


For 

simplicity  of  replacement  there  is  only  one  type  of 
tube  used  in  these  Koar  transmitters.  (For  1 1 7  volt  AC 
operation,  5R4GY  rectifier  tubes  are  also  employed.) 


rive  channel  instant-heating  transmitter, with  an  output  of  100 
vatts  and  having  a  standard  frequency  range  from  1 600  to  6000 
Kc.  The  companion  receiver  may  be  of  the  tunable  or  fixed 
tuned  crystal-controlled  type  as  desired.  R.  F.  ammeter  and 
plate  milliammeter  are  mounted  on  front  panel.  This  100  watt 
t^diotelephone,  including  transmitter  and  receiver,  is  only 


if  REMOVABLE  PANEL ...  By  removing  six 
finger-tight  lugs,  the  front  panel  of  the  transmitter 
may  be  lifted  away,  exposing  all  tuning  controls. 
This  allows  complete  tune-up  to  be  mode  in  a  short 
time  without  moving  the  set. 


if  SIMPLE  TO  SERVICE 


screws 

are  released,  transmitter  slides  out  like  a  letter  file 
to  simplify  tube  replacement. 


★  FITS  MOST  ANYWHERE 


Transmitter 

may  be  placed  above  or  below  the  receiver,  or  on 
either  side  of  it.  Transmitter  and  receiver  units  are 
each  10"  high,  13"  wide,  13"  deep.  This  equipment 
is  easy  to  install. 


if  REASONABLY  PRICED 


Althaugh  Kaar 
instant-heating  radiotelephones  offer  all  these 
features  for  convenience  and  simplicity,  they  are  com¬ 
petitively  priced.  Your  inquiries  are  cordially  invited. 


J  ALTO  •  CALIFORNIA 

Export  Agents:  FRAZAR  &  HANSEN,  San  Frandteo 


PORTABLE  POWER  PROBLEMS 


THIS  MONTH— UNITED  AIR  LINES'  RADIO  SIGNAL  TEST 


tt  • 

•'  W  *«  >**^- 


DIRECTIONAL  INTENSITY  of  radio  signals  from  all  United  Air  Lines  transmitter  stations  is 
measured  at  intervals  with  portable  Field  Strength  Test  Meters,  powered  by  Burgess  Indus¬ 
trial  Batteries.  Control  of  exact  radiation  from  transmitters  maintains  perfect  communi¬ 
cation  between  ground  and  flight  crews,  assuring  accuracy  in  guiding  planes  into  airports. 


TEST  METER  records  full  volt  intensity  of  radio  signals,  showing  how  far  and  in  what  direc¬ 
tion  radiation  extends  from  a  speciflc  antennae  or  station.  Burgess  Industrial  Batteries  are 
the  standard  of  quality  for  commercial  uses — they  meet  every  requirement  in  the  operation 
of  test  and  control  instruments.  Production  of  industrial  batteries  is  severely  limited  today 
by  war  needs,  and  the  types  you  require  may  not  be  immediately  available. 

Burgess  Battery  Company,  Freeport,  Illinois. 


BURGESS 

BATTERIES 


KEEP  YOUR  RED  CROSS  AT  HIS  SIDEI 


siderable  power  is  required  to  oscil¬ 
late  the  crystals  with  the  amplitude 
at  which  they  are  to  be  used.  The 
zero  generator  impedance  is  sim¬ 
ulated  by  an  automatic  amplitude- 
controlled  oscillator,  that  is,  the 
output  of  the  generator  is  essen¬ 
tially  independent  of  the  load  im¬ 
pedance  of  the  crystal  circuit. 

The  crystal  circuit  consists  of  the 
crystal  under  test  in  series  with  a 
variable  capacitance  and  measure¬ 
ments  are  made  at  the  frequency 
where  these  two  are  .series  reso¬ 
nant.  The  frequency  is  adjusted  to 
that  exact  frequency  by  a  phase 
shifting  network  in  the  oscillator. 
The  series  capacitor  is  split  into 
two  parts,  one  which  is  variable  and 
the  other  which  is  fixed  and  large 
compared  to  the  variable  capacitor. 
The  fixed  capacitor  provides  an 
impedance  element  across  which 
the  voltmeter  is  connected.  The  in¬ 
put  capacitance  of  the  voltmeter 
is  incorporated  in  the  magnitude  of 
the  fixed  capacitor.  A  calibrated 
capacitor  attenuator  interposed  on 
the  input  of  the  voltmeter  enables 
the  voltmeter  to  be  used  to  indicate 
voltage  ratios  in  terms  of  the  at¬ 
tenuator  calibration.  The  output  of 
the  attenuator  provides  the  input 
to  the  network  whose  attenuation 
is  inversely  proportional  to  fre¬ 
quency. 

From  circuit  equations,  it  can  be 
shown  that,  (1)  the  ratio  of  the 
generator  voltage  to  the  voltage 
appearing  across  the  capacitive  load 
impedance  is  a  function  of  the  per¬ 
formance  index  of  the  crystal  and 
(2)  that  the  calibration  permits  an 
evaluation  of  its  magnitude  at 
resonance. 

The  PI  meter  enables  the  meas¬ 
urement  of  crystal  activity  in  ab¬ 
solute  terms  and  is  not  relative  to 
some  arbitrary  standard.  It  also 
makes  possible  the  measurement  of 
the  effective  capacitance  that  the 
oscillator  circuit  shunts  across  the 
crystal  terminals  and  it  permits  the 
.measurement  of  all  electrical  equiv¬ 
alent  circuit  constants  of  a  crystal 
when  used  in  conjunction  with  a 
capacitance  bridge  and  a  frequency 
measuring  means. 

Exalted  Carrier  Reception 

Systems  of  receiving  amplitu*^® 
and  phase-modulated  waves  were 
described  by  Murray  G.  Crosby  o 
Press  Wireless.  In  these  systema- 
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Essential  to  High  Temperature  Silicone  Insulation 


Rapidly  growing  demands  for  DC-993  Silicone 
Varnish  are  being  filled  from  stocks  of  the 
above  newly-appointed  distributors. 

Through  these  representative  sources  of  sup¬ 
ply,  Dow  Corning,  first  producer  of  Silicones, 
IS  able  to  extend  the  application  of  this  revolu¬ 
tionary  insulating  material — a  heat  curing, 
high  temperature  stable,  moisture-proof  sili- 
varnish  destined  for  an  important  place 
^  Ihe  new  age  of  electrical  machinery  and 
®^pnient. 

CORNING  CORPORATION 
5  9  2  ,  MIDLAND,  MICHIGAN 

^RONICS-Morc/,  ms 


JUST  OFF  THE  PRESS— This  new  eight- 
page  book  on  IiC-993  Silicone  Var¬ 
nish  is  now  available  from  any  of  the 
distributors  listed  above.  Write  for  a 
copy.  It  will  give  you  comprehensive 
technical  information  on  this  new  insulating  mate¬ 
rial  and  its  applications. 


elimination  oi  me  distortion  is  ac¬ 
complished  by  filtering  the  carrier 
and  recombining  it  with  the  signal 
at  a  raised  or  exalted  level,  or  by  re¬ 
combining  in  a  type  of  detector 
which  inherently  eliminates  the 
carrier-fading  distortion. 

This  type  of  fading  is  common  in 
receiving  broadcasts  at  medinni 
frequencies  in  the  area  where  the 
sky  wave  and  ground  wave  are 
nearly  equal  in  strength.  This  oc¬ 
curs  at  night  in  the  region  from 
50  to  150  miles  from  the  transmit¬ 
ter.  Where  the  ionosphere  is  de¬ 
pended  on  for  transmission,  as  in 
high-frequency  transmission,  car¬ 
rier  fading  is  practically  always 
present. 

The  essential  elements  of  an  ex¬ 
alted-carrier  receiver  are  .shown  in 
the  block  diagram.  In  this,  the 


TURRET  TERMINAL 
LUGS 


Made  to  fit  1/32",  2/32" 
3/32",  4/32",  6/32",  and 
8/32"  terminal  board  thick¬ 
nesses.  Brass,  heavily  silver 

Elated.  Firmly  anchored  to 
ward  by  swaging.  Two 
soldering  spaces  permit  two 
or  more  connections  with¬ 
out  superimposing  wires — 
insure  good  contact,  neat 
appearance. 

For  complete  information 
write  for  Bulletin  No.  101. 


Recom-^ 

bining 

detector 


First 

detector 


First  l-F 

omplifier 


SPLIT  TERMINAL 
LUGS 


H-F 

oscillator 


Phose 

adjuster 


Ideal  for  use  on  transformers  or 
other  potted  units  requiring  solder¬ 
ing  after  potting.  For  use  on  termi¬ 
nal  boards,  a  .050  hole  through 
shaft  permits  wiring  from  top  or 
bottom  side  of  board  without 
drilling.  Brass,  heavily  silver 
plated.  Stocked  to  fit  3/32"  ter¬ 
minal  board. 

W'rite  for  Bulletin  No.  102. 


Second 

detector 


Carrier 

limiter 


omplifier 


Corner 
filter  ond 
AFCdis- 


AFC 

detector 


Second 

oscillator 


Block  diagram  of  an  exallad-corritr 
receiving  system 


blocks  numbered  from  1  to  7  form 
a  double-superheterodyne  receiver 
whose  i-f  output  divides  into  two 
branches.  One  branch  feeds  a  re¬ 
combining  detector,  12,  and  the 
other  branch  feeds  into  carrier  fil¬ 
ter  9  which  separates  the  carrier 


Two  terminal  posts  in  one  simple 
swaging  operation.  May  be  wired 
from  top  or  bottom.  Elearical  con¬ 
nection  perfect,  both  posts  being 
part  of  same  lug.  Generous  solder¬ 
ing  spaces  make  wiring  neat  and 
positive.  Stocked  in  3/32"  termi- 


filter  from  the  side  bands.  After 
filtering,  the  carrier  is  fed  to  lo¬ 
iter  10  which  holds  the  carrier 
amplitude  at  a  constant  value.  The 
limited  and  filtered  carrier  is  re¬ 
combined  with  the  unfiltered  sign 
at  a  phase  determined  by  phase  a 
juster  11.  The  combination  sip 
that  results  is  detected  in  12  ^ 

supplied  to  the  audio-frequenc) 

amplifier. 

■’  The  system  includes  an  afc 
criminator  which  employs  the  sa® 
crystal  filter  for  both  the  ca^ri 
filter  and  the  frequency  discrum  • 
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positive.  Stocked  in  3/32 
nal  board  thickness. 

Bulletin  No.  103  contains  complete 
information.  Write  for  it. 


CAMBRIDGE  THERMIONIC  CORPORATION 

439  Concord  Avenue 


Cambridge  38,  Moss. 
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AIRPORT  CONTROL  TOWERS 


Uweiiiaaie 

ERCO’S  COMPLETE  ENGINEERING  SERVICE 

The  heart  of  every  airport  is  the  Control  Tower,  the  pulse  of  which  is  its 
radio  communication  equipment.  These  installations  call  for  top-notch 
specialists.  That  is  why  many  prominent  organizations  specify  ERCO’S 
complete  engineering  service. 

ERCO  engineering  means  “experience  at  work”  .  from  the  inception  of 
plan  to  the  complete  airport  installation.  Such  service  includes  design  of 
control  tower  with  recommendations  for  all  necessary  equipment  involving 
new  technique  in  complete  airport  design  and  operation. 

Whether  you  need  modern  airport  facilities  to  help  win  the  war  or  are 
interested  in  developing  plans  in  anticipation  of  postwar  conditions,  ERCO 
engineers  stand  ready  to  serve  you.  Your  inquiry  invited. 


January  25th  a  Second  Star  was  added 


to  Erco’s  Army-Navy  "E"  flag. 


ERCO  RADIO  LABORATORIES  J 

HEMPSTEAD,  NEW  YORK 

Manufaciurert  ol  CUSTOM  BUILT  RADIO  APPARATUS 


ator.  If  separate  crystals  or  afc 
circuits  were  used,  careful  syn¬ 
chronization  would  be  necessary. 

Since  the  objective  is  elimination 
of  distortion  caused  by  overmodu¬ 
lation  that  results  from  carrier 
fading,  this  may  be  done  by  feed¬ 
ing  the  carrier  to  a  single  diode  de¬ 
tector  with  the  amplitude  of  the 
carrier  exalted  with  respect  to  the 
unfiltered  signal.  The  carrier  may 


Fundamental  and  harmonic  output  lot 
phase-modulation  detection.  Cuire  A 
shows  fundamental-  output  for  exoltsd- 
carrier  diode  detection  with  or  without 
carrier  limiting.  Curve  6  gives  funda¬ 
mental  output  for  multi-grid  detection 
without  carrier  limiting 

then  fade  to  a  greater  depth  before 
overmodulation  occurs  because  the 
effective  percentage  of  modulation 
fed  to  the  detector  is  reduced. 

Other  types  of  detectors  and 
their  advantages  and  disadvant¬ 
ages  were  discussed  by  Mr.  Crosby, 
as  was  the  effect  of  limiting  the 
carrier. 

In  testing  the  system,  the  num¬ 
ber  of  faults  marring  program  re¬ 
ception  were  counted  to  determine 
the  relative  number  of  faults  per 
minute.  Each  time  fading  distor¬ 
tion  occurred,  a  fault  was  countd- 
The  observations  showed  that  with 
two  different  antennas  the  num^r 
of  faults  with  *  the  exalted-carrier 
system  was  about  one-third  that 
for  unexalted  carrier  equipment 

With  the  exalted-carrier 
tern,  it  was  found  that  operatic 
of  the  avc  system  when  the  car¬ 
rier  faded  produced  a  burst  o 
volume  in  the  receiver 
This  burst  effect  takes  place  ^ 
unexalted-carrier  detection  as 
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CEUOLOSE  ACETATE  OTTI 


Plax  supplies  Cellulose  Aceute  Butyrate  to  film, 
sheet,  slab.  rod.  tubins.  blown  ware  and  fiber  —  in  all 
colors,  from  clear  to  pearlescent.  Characteristics  arc 
as  follows: 

MECHANICAL 

Tensile  Strensth,  p.s.i.  2)00-6700 

Modulus  of  Elasticity  in  Tension,  p.s.i.xlO*  0.6-2.0 
Compressive  Suencth.  p.s.i.  7)00-22,000 

Flexural  Strensth,  p.s.i.  2000-13,000 

Rockwell  Hardness  M2)-M69 

Impact  Strensth,  ft.  lbs.  per  in.  of  notch: 

Vi”  X  Vi”  notched  bar  Izod  test  0.8-7.9 

Water  Absorption,  24  hrs.,  %  1.6-2. 1 

ELECTRICAL 

Volume  Resistivity,  ohm.  cms. 

()0%  rel.  hum.  at  2)‘’C)  10i«-10i* 

Dielectric  Strensth  Short  Time,  Volu  per 

mil.  Vi”  thick  2)0-400 

THERMAL 

Distortion  Temperature.  ‘F  11  )-2 1 ) 

Transition  Temperature. ‘F  117-160 

Softenins  Point,  °F  140-2)0 

Specific  Heat,  cal.  per  *C  per  sram  0. 3-0.4 

Burnine  Rate  Slow 

Therm;:!  Expansion,  10-*  per  °C  11-16 

Thermal  Conductivity,  10-*  cal.  per  sec. 

per  sq.  cm/1  °C  per  cm.  4.)-7.8 

Resistance  to  Heat  (continuous)  °F  140-220 

CHEMICAL  EFFECTS 

Weak  Acids  Slisht 

Strons  Acids  Decomposes 

Weak  Alkalis  Slisht 

Strons  Alkalis  Decomposes 

Alcohols  Softens 


Hydrocarbons  Little  Effect 

Like  Cellulose  Acetate  products,  items  made  from 
Cellulose  Acetate  Butyrate  may  have  dozens  of  varia¬ 
tions  of  constituents.  This  material  can  be  virtually 
"custom  mixed"  for  your  specific  application.  For 
name  plates,  laminated  dials,  instrument  boards  and 
various  electrical  applications,  it  has  interestins  pos¬ 
sibilities  .  .  .  For  data  on  stock  sizes,  write  Plax. 
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but  the  volume  burst  usually  con¬ 
tains  the  distortion  which  is  pro¬ 
duced  when  the  carrier  fades.  An 
audio  volume-limiter  circuit  was 
used  to  remove  these  volume  bursti 

Small  Two-Channel  Oscilloscope 

A  portable  two-channel  record¬ 
ing  oscilloscope  for  battery  opera¬ 
tion  was  described  in  a  paper  by 
R.  F.  Wild  and  D.  C.  Culver  of 
Brown  Instrument  Co.  The  unit 
was  developed  as  a  flight  vibration 
recorder  for  and  in  cooperation 
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Batteries  of  the  hearing-aid  type  supply 
540  ▼olts  to  a  2-inch  c-r  tube  in  this 
portable  tvyo-channel  recording  oscillo¬ 
scope.  Made  by  Brown  Instrument,  it 
uses  conventional  film  packs 

with  the  Technical  Development  Di¬ 
vision  of  the  Civil  Aeronautics  Ad¬ 
ministration. 

The  instrument  is  designed  for 
simultaneous  recording  of  two  in¬ 
put  signals  of  any  frequency  be¬ 
tween  5  and  300  cps  and  between 
0.5  millivolts  to  2  volts  amplitude, 
derived  from  vibration  pickup  d^ 
vices  or  strain  gauges  located  at 
various  points  about  a  plane.  Mark¬ 
ing  signals  are  also  recorded  to  es¬ 
tablish  a  time  base  on  the  records. 
A  2-inch  cathode-ray  tube  operated 
at  about  540  volts  is  used,  and  an 
electronic  switch  operating  at  about 
20  kilocycles  is  provided  for  mixing 
the  signals. 

Records  are  made  on  12-exposure 
:  film  pack  2ix3i  inches.  An  //2 
lens  is  used  in  the  camera.  Signal 
traces  on  the  screen  of  the  cath¬ 
ode-ray  tube  can  also  be  viewed  di¬ 
rectly  by  using  a  port  on  the  side 
of  the  cabinet.  Recurrent  and  sin¬ 
gle  sweep  is  provided  at  three  di  - 
ferent  fixed  speeds. 

The  instrument  includes  ba- 
teries  of  the  hearing-aid  typ®- 
weighs  27  pounds,  has  a  size  o 
6xl2ixl6J  inche.s,  and  is  coffl- 
pletely  self  contained.  Its  princiF 
use  is  the  study  of  flutter  in  air 
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This  is  the  ideal  secondary  frequency  standard  to 
check  frequency  of  oscillators  and  transmitters, 
calibrate  and  align  receivers,  check  frequency  of 
received  signals,  band  edges,  etc.  Useful  many  ways 
in  laboratory  or  factory  for  making  general  fre¬ 
quency  measurements  or  as  a  signal  generator  to 
provide  frequencies  every  10  kilocycles.  Can  be  used 
in  connection  with  an  impedance  bridge  as  a  source 
of  alternating  voltage  to  accurately  measure  induct¬ 
ances,  resistances  and  capacitances  at  various 
frequencies.  Provides  output  up  to  40  megacycles  at 
1,000,  100,  and  10  kilocycle  intervals.  Descriptive 
catalog  sheet  on  request. 


Complete  Price  Only  $59.50 

BUY  MORE  WAR  BONDS  FOR  VICTORY 
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The  difficulties  of  meeting  these 
requirements  ore  multiplied  many  times 
by  each  increase  in  size,  design-com¬ 
plexity,  and  voltage.  They  reach  an 
all-time  high  in  this  2,000,000-volt  d-c 
X-ray  tube. 

When  buying  electron  tubes,  whether 
X-ray,  oscillators,  amplifiers  or  recti¬ 
fiers,  look  for  the  Machlett  name  as 
evidence  of  high  technical  achievement 
protecting  your  purchase.  For  information 
about  available  types  of  Machlett  tubes 
write  Machlett  Laboratories,  Inc., 
Springdale,  Conn. 


The  ML  880  h  c 
radio  osdilatoi 
tube  for  u$e  in 
transmitters,  and 
has  a  maximum 
output  of  60KW, 


A" 


RADIO  ITS  46  YEARS 


RAY  TUBE  EXPERIENCE 


This  "big  gun  of  electronics"  is  a  sym¬ 
bol  of  Machlett’s  ability  as  a  tube 
'"onufacturer, 

lu  this  unique  tube  is  found  the  high¬ 
est  development  of  the  basic  require- 
"’outs  common  to  all  electron  tubes  for 
’"'botever  purposes.  These  are: 

tube  must  be  structurally  sturdy, 
w^poct,  and  completely  vacuum-tight. 

b  must  embody  means  for  the  accu- 
effective  and  stable  control  of  an 
‘lectron  stream. 

F  b  must  have  adequate  heat-dissipat- 
Properties. 
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From  Your  Specifications 


WILL  DESIGN,  FABRICATE 
AND  ERECT 

The  Latest  Development  in 


VERTICAL  RADIATORS 


ond  Towers  for 


FM  and  TELEVISION 
ANTENNAE 


Station  Engineers  take  a  load 
off  their  shoulders  when  their 
antenna  problem  is  turned  over 
to  Blaw-Knox.  Specifications 
are  completed  under  one  re¬ 
sponsibility.  The  job  is  not 
done  until  the  tower  is  up, 
tested  and  approved. 


of  Blaw-Knox  Company 

2077  Farmers  Bank  Bldg. 
Pittsburgh  Penna. 


craft,  supplementing  equipment 
weighing  several  hundred  pound*, 
and  particularly  in  .small  aircraft 
where  bulky  test  equipment  cannot 
be  carried. 

High-Frequency  Heating 
Although  the  principles  of  diele^ 
trie  heating  were  well  understood 
by  the  opening  of  this  century,  it  i* 
only  recently  that  sufficient  power 
at  high  enough  frequencies  ha* 
been  available  to  make  this  method 
industrially  feasible. 

In  bringing  out  these  point*, 
Paul  D.  Zottu  of  Thermex  Division, 
Girdler  Corporation,  retraced  the 
historic  development  of  our  knowl¬ 
edge  of  high-frequency  heating,  j 
Electric  field  heating  is  readilj 
controlled,  clean  and  compact  Of 
the  applications  so  far  of  industrial 
importance  are  wood  assembly, 
plastic  heating,  molding,  bonding, 
vulcanizing,  sterilizing,  drying.  A 
great  deal  has  yet  to  be  learned  of 
the  use  and  control  of  electric  field 
heating.  Dielectric  factor,  power 
factor,  a-c  and  d-c  resistance,  break¬ 
down  due  to  electric  field,  nature  of 
dielectric,  heating  requirement* 
and  voltage  and  frequency  mmt 
still  be  studied.  The  experiena 
gained  so  far  in  applying  dielectric 
heating  has  indicated  the  extent 
and  importance  of  these  factor* 
which  must  be  studied.  As  yet  too 
little  information  about  them  i* 
known  to  make  possible  full  utilia- 
tion  of  the  technique. 

Equivalent  Triode  Networkt 
Four-terminal  networks  which 
are  equivalent  to  various  triode 
connections  were  shown  by  Harold 
A.  Wheeler  of  Hazeltine  Corpora¬ 
tion. 

There  are  three  simple  ways  of 
connecting  a  triode  in  a  four-ter¬ 
minal  network,  because  the  com¬ 
mon  or  grounded  electrode  may  b* 
the  cathode,  anode  or  grid.  Th® 
grounded-cathode  circuit,  sho^*| 
Ca)  in  the  figure,  is  the  origin** 
phase-reversing  one-way  repeater, 
amplifying  both  voltage  and  ctf 
rent.  The  grounded-anode  (o 
ode-follower)  circuit  shown  at  ( 
is  a  non-phase-reversing 
repeater  but  amplifies  only 
The  grounded-grid  circuit  sh^ 
at  (c)  has  degenerative  feed  ^ 
by  conductive  coupling,  in 
manner  that  it  amplifies 
age.  It  may  be  treated  as  a  nypo- 
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10  KW  RADIO-rREQUfNCY  GENERATOR 

Tlu»  unit  has  many  applications.  Its  “table 
top”  work  surface  eliminates  the  need  for  small 
t*hln,  and  all  controls  are  centralized  on  the 
sloping  panel.  Large  sturdy  casters  provide 
*P**dy  mobility. 
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The  job  IS  to  harden  only  the  teeth  of  hand  hack  saw  blades 
with  6  blades  completed  every  10  seconds,  or  36  blades 
per  minute. 

The  amazing  speed  .  .  .  accuracy  .  .  .  uniformity,  all  come 
with  radio -frequency  heating  at  8500  Btu’s  per  square  inch 
per  minute.  Compare  this  with  the  old  method,  at  5  Btu’s  per 
square  inch  per  minute. 

Similar  high  speeds  are  possible  in  every  metal  heating  job — •; 
annealing,  hardening,  brazing,  sintering,  fdrging  and  soldering! 
And  the  heating  is  so  simple  that  it’s  a  “push  button’’  job  for 
unskilled  help. 

Another  great  advantage  comes  with  Westinghouse  design  ... 
-a  single  shielded  cabinet  contains  generating  equipment  and 
I  controls,  easy  to  install  and  maintain  .  .  .  requiring  a  minimum 
of  space.' 

Westinghouse  Radio  -  Frequency  Generators  for  induction“or 
dielectric  heating  are  available  in  eight  different  standard  sizes 
up  to  200  kw,  with  a  range  of  frequencies  for  all  but  the  most* 
unusual  needs.  For  added  information,  write  for  Descriptive' 
Data  85-800.  Or,  for  aid  on  any  specific  application,  ask  a 
Westinghouse  engineer  to  call.  Write  Westinghouse  Electric 
Manufacturing  Co.,  P.O.  Box  868,  Pittsburgh  30,  Pa.  j-osossi 


LAMINATED 
PRECIOUS  METALS 


^04  NeW’ 

INDUSTRIAL  USES 

Gold,  silver,  platinum  and  palladium  or  special  precious 
metal  alloys  laminated  to  base  metal  have  made  these  things 
possible  ... 

•  The  desirable  electrical/  mechanical  or  chemical 
qualities  of  the  precious  metals  have  been  added 
to  the  strength  or  other  desirable  properties  of 
base  metals/  precisely  where  and  as  required. 

•  Precious  metal  properties  of  corrosion  resistance, 
electrical  superiority/  and  durability  are  obtained 
without  solid  precious  metal  costs. 

•  Uniform  maintenance  of  lamination  ratios  with 
no  porosity/  pit  marks  or  defects. 

•  Finer,  more  lasting  finishes  than  are  otherwise 
obtainable  in  base  metals. 

Recent  production  includes  gold,  silver,  or  specially  de¬ 
veloped  precious  metal  alloys  on  copper,  beryllium  copper, 
invar,  steel,  inconel  and  pure  nickel.  Likevsrise,  platinum  and 
palladium  are  being  laminated  to  inconel  and  pure  nickel. 
We  can  manufacture  sheet  or  strip  of  precious  metal  lami¬ 
nated  to  base  metal  in  any  combination  of  metals  and  in  any 
quality  or  ratio,  single  or  double  plate,  striped  or  edgelay. 

To  assist  you  in  the  application  of  our  products  to  your 
products  we  are  maintaining  a  staff  of  thoroughly  experi¬ 
enced  metallurgists,  chemists,  designers  and  consultants  . . . 
an  up-to-date  research  and  testing  laboratory . . .  and  a 
splendidly  equipped  tool  room.  These  are  all  at  your  service 
to  cooperate  with  your  own  staff  to  the  full  extent  of  our 
facilities. 


The  three  ways  in  which  a  tiiode  can 
be  connected  and  the  equivalent  circuii 
for  each 

thetical  repeater-transformer  with 
an  impedance  ratio  of  /a  +  1,  which 
also  multiplies  the  power  in  the 
same  ratio.  It  has  some  advantages 
at  high  frequencies  because  the 
grid  shields  against  capacitive 
feedback  coupling.  However,  the 
plate  conductance  becomes  a  feed¬ 
back  element  and  the  mutual  con¬ 
ductance  becomes  an  input  load 
limiting  the  amplification.  Also  the 
output  load  is  reflected  into  the 
input  through  the  hypothetical 
transformer. 

Input  conductance  may  be  simn- 
lated  by  cathode-lead  inductance 
to  represent  tube  phase  lag  and 


The  ravr  product  comes  from 
Brozil.  As  o  result  of  interploy  of 
elements  —  over  possibly  millions 
of  yeors— Mother  Noture  endowed 
the  row  quortz  with  the  phenome¬ 
non  of  PIEZO-ELECTRICITY 
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We  are  a  progressive  company  .  .  .  with  sound 
postwar  prospects  .  .  .  particularly  in  television. 
We  have  room  for  a  few  able,  experienced  radio 
engineers  who  would  grow  with  us.  Write,  in 
confidence,  to  the  President. 


TCLICON 

305  E.  63rd  St. 
NEW  YORK  21,  N.  Y. 


shunt  capacitance  to  simulate  input 
loading.  In  this  way  electron-iner¬ 
tia  effects  and  transit  time  are  ap- 
proximated.  The  equivalent  circuit 
is  also  shown. 

The  double-triode  circuit  witii 
cathode  intercoupling  is  interestii^ 


When  the  Going  is  Hardest 

MERIT  TRANSFORMERS 

are  in  the  thick  of  the  fight,  stand¬ 
ing  up  to  the  most  exacting  de¬ 
mands  and  doing  their  part  to 
maintain  vital  communications  and 


MERIT  COIL  &  TRANSFORMER  CORP. 

TELLPHON'E 

4427  North  Clark  St.  Long  Beach  6311  CHICAGO  40,  ILL. 


Non-phase  reversing  cathode-coupbl 
amplifier 

as  a  non-phase-reversing  one-w^ 
voltage  and  current  amplifier  will 
less  than  half  the  transconductana 
and  much  less  capacitive  feedbadf 
coupling  than  single-tube  circuital 

Radio-Frequency  Dehydration 

Pharmaceuticals  which  are  un¬ 
stable  at  high  temperatures  can  be 
dehydrated  by  radio-frequewy 
fields.  For  example,  penicillin  loeee 
activity  in  a  few  days  upon  stand¬ 
ing  in  water  even  at  room  tempert; 
ture,  at  high  temperatures  its  actif- 
ity  is  lost  faster.  If  dried,  however, 
the  penicillin  retains  its  activity  and 
is  therefore  dried  and  stored  in  thu 
state  and  redissolved  in  distilled 
water  when  required  for  use. 

To  prevent  destruction  of  the 
penicillin,  it  has  been  dried  at  50 
degrees  below  zero  in  a  vacuum  of 
0.1  mm.  This  technique  requirrf 
several  complicated  and  spedil 
pieces  of  equipment  such  as  a 
frigerated  condenser  necessary  ta 
keep  the  vapor  odt  of  the  hijd>  'dt- 


Final  drying  of  penicillin  » 
these  plastic  bottles  which  ore 
to  hold  the  penicillin  inside  by 
gal  force.  The  vacuum  chamber 
in  a  continuous-process  cycle  is  ^ 
it  is  loaded,  evacuated.  saHe^ 
on  r-f  field  and  finally  usloaoe* 
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Supplementing  the  loo  pound  to  looo  pound  Waugh-Johnson  high  fre¬ 
quency  vibration  machines  and  a  special  10,000  pound  capacity  machine, 
Waugh  Laboratories  offers  a  new  line  of  six  small  inachines  with  capacities 
of  10  pounds  and  25  pounds  and  priced  from  $495.00  to  $1,025.00.  With 
the  addition  of  these  smaller  equipments,  Waugh 
presents  a  complete  line  of  high  frequency  vibra- 
tion  machines  designed  to  test  equipment  of  all 
types  which  must  meet  rigid  specifications.  Write 


Write  for  Renlal 
Lie!  and  Service 
Manual  on  buai- 
nesa  lelterheadT 


advertisement 
appeared  in 
"°de  papers  July,  1944 


Bnmch:  180  East  CalUomia  SL,  Pasadena  5,  CalUoroia  ♦  420  LEXINGTON  AVE.,  NEW  YORK  17,  N.  Y. 


Condenser  Tester— Model  650A. 

Measures  Capacity,  Power  Factor  and  Leakage 


Sensitive  Multimeter  Model  642. 

20,000  ohms  per  volt — complete  ranges 


uum  pump  used  in  the  process. 

To  speed  up  the  dehydration 
process,  a  technique  described  by 
George  H.  Brown  and  developed  by 
R.  A.  Bierwirth  and  Cyril  N.  Hoy- 
ler  and  himself,  all  of  RCA  Labora¬ 
tories,  was  used.  It  was  impossible 
to  apply  a  dielectric  field  to  the 
equipment  in  its  original  condition, 
chiefly  because  at  the  high  vacuum 
used,  air  ionizes  most  readily.  Be¬ 
cause  of  the  solvent  used,  it  was 
impossible  to  dehydrate  penicillin 
at  a  high  vacuum  without  freezing 
the  solution. 

After  several  attempts  in  which 


Dr.  Brown  adjusts  the  r-f  energy  beisf 
delivered  to  the  penicillin  solution  dv- 
ing  the  preliminary  evaporation  ito9* 
in  which  the  dilute  solution  is  concw- 
trated  by  evoporation  at  room  temp«- 
ature  under  reduced  pressure 

special  bottle  designs  were  usei » 
technique 'in  which  the  penicillin 
was  placed  in  plastic  bottles  and  the 
bottles  rotated  at  high  velocity  1® 
to  an  electric  field  was  found  satis¬ 
factory.  The  rotation  created  suf¬ 
ficient  centrifugal  force  to  spre*® 
the  solution  in  a  thin  layer  on  the 
inside  of  the  bottle,  holding  it  thew 
at  a  force  100  times  gravity  sot 
the  pencillin  was  not  lost  by  f®*® 
jng. 

Using  a  2  kilowatt  oscillator  op¬ 
erating  at  28  megacycles,  a  con  m 
uous-processing  3-minute  dry® 
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You  cun  put  Teamwork 
into  Testing! 
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•  “Service 
Lab" 


Assembly  of 
Standard-Size 
Jackson 
Instruments 


Test  Oscillator— Model  640. 

Accurate  to  V2%  covers  full  frequency  range 

Yes,  teamwork  is  needed  to  test  and 
service  a  radio  set.  No  one  instrument,  of 
course,  can  do  the  full  job.  Each  Jackson 
instrument  is  a  specialist,  yet  a  member 
of  the  team — each  outstanding  in  accuracy 
and  performance,  and  each  backing  up 
the  other. 

Every  Jackson  unit  is  separate  and  com¬ 
plete.  And  besides  being  matched  in  qual¬ 
ity  and  performance,  the  instruments 
shown  here  are  uniform  in  dimensions, 
appearance  and  finish.  They  can  be 
assembled  in  any  combination  you  choose 
— as  in  the  Jackson-built  Service  Lab 
illustrated  (left).  Whether  you  need  one, 
several,  or  a  complete  set  of  instruments, 
buy  for  the  future — with  Jackson. 

K  AND  STAMPS  TODAY 


Multimeter— Model  643. 

1000  Ohms  per  volt.  Push  key  range  selection 


BUY  WAR  BONDS 


The  Whitney  Blake  company 


BPPRO 


—  meets  a  long  felt  need  for 
a  Cord  of  High  Dielectric 
Strength  that  is  practically 
Ageless.  It  has  High  Abra¬ 
sive  and  Impact  Resistance. 

Other  favorable  features 


Resistance  to  Oil,  Flame, 
Alcohol,  Water,  Alkali  and 
most  Common  Solvents! 
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''World's  Smallest  Transformer” 


If  you  have  a  space  or  weight  saving  problem 
you’ll  want  to  know  all  about  this  remarkable  new 
midgef  transformer— 'how  it  was  developed  by 
Permoflux  engineers  with  new  materials  and 
manufacturing  methods — how  it  was  made  small 
enough  to  be  incorporated  directly  into  the  cases 
of  earphones  and  hand-held  microphones. 

You’ll  be  interested  too,  in  knowing  about  its  many 
application  possibilities  and  about  its  outstanding 
operating  efficiency  and  uniform  response  charac¬ 
teristics.  This  transformer  can  be  produced  to  meet 
your  own  special  design  requirements. 

Permoflux  welcomes  inquiry  from  design  engineers 
about  this  new  midget  transformer.  Write  for 
our  complete  technical  catalog  listing  Permoflux 
transformers,  speakers,  headphones  and  other 
acoustical  devices. 

BUY  WAR  BONDS  FOR  VICTORY! 


PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 

PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


cycle  is  now  possible.  This  great 
improvement  in  dehydration  sug- 
gests  that  radio  frequency  can  be 
applied  to  other  pharmaceutical. 
However,  because  of  an  inherent 
mistrust  of  radio-frequency  dehy¬ 
dration,  it  is  not  likely  that  phar¬ 
macists  will  apply  the  technique.  It 
is  up  to  the  electronic  engineer  to 
find  and  apply  this  technique  where 
it  is  possible.  At  the  close  of  the 
lecture  moving  pictures  of  the  proc¬ 
ess  in  action  were  shown. 

Nett;  Types  of  Radiators 

Some  new  antenna  types  were 
described  by  A.  G.  Kandoian  of 
Federal  Tel.  &  Radio  Corp.  The« 
have  a  radiation  pattern  which  ii 
essentially  equivalent  to  that  of  a 
dipole. 

One  type  is  intended  primarily 
for  vertical  polarization  and  gives 
an  omnidirectional  pattern  in  the 
horizontal  plane.  It  operates  over 
several  octaves  of  frequency  with¬ 
out  a  substantial  change  of  either 
input  impedance  or  radiation  pat¬ 
tern. 

The  second  type  discussed  is  a 
loop  antenna  with  an  omnidire^ 
tional  radiation  pattern  in  its  own 
plane.  The  radiators  forming  the 
loop  are  metallically  supported 
from  the  mast  or  other  supportinjf 
structure  and  both  supports  and 
radiators  form  part  of  the  coaxial 
feeding  circuit.  A  large  number  of 
these  antennas  may  be  stacked  for 
a  high  degree  of  directivity  in  the 
vertical  plane. 

The  third  antenna  described  also 
consists  of  a  loop  and  perpendicular 
to  it  is  mounted  a  vertical  dipdc- 
The  radiation  pattern  of  this  an¬ 
tenna  is  similar  to  the  other  type* 
but  the  free  space  field  at  all  point* 
has  both  horizontal  and  vertical 
components  in  equal  amounts.  M 
desired  ratio  of  amplitude  as  well 
as  phase  relationship  between  ^ 
horizontally  and  vertically  polarise® 
fields  may  be  obtained. 

Quartz  Crystals  for  Yfa/r 

A  review  of  the  prewar 
crystal  manufacturing 
and  the  tremendous  changes  nsaiie 
necessary  by  war  needs  ^ 
sented  by  Major  Edward  W. 

.son  of  the  Signal  Corps.  ^ 
the  war,  the  then 
try  was  only  capable  of  prod 
about  100,000  units  per  year.  ^ 

Uoroh  IW-HECniONI® 


’•*  •••>  /« 


FOR  THE  RADIO  OF  TOMORROW 


War>trained  hands  .  ,  .  fingers  educated  in 
accuracy  and  speed  .  ,  guided  by  new  facts 
wrested  from  the  widening  frontiers  of  elec¬ 
tronics  research  .  .  .  hands  that  will  create 
unsurpassed  values  in  "Detrola-built”  Radio 
Receivers  .  Television  Receivers..  •  . 
Automatic  Record  Changers,  and  other  elec- 


tromc  instruments. 


KEEP  YOUR  EYE  ON  DETROLA 


Dl  RO  H  RADIO 


DIVISION  OF 

INTERNATIONAL  DETROLA  CORPORATION 


lEAlO  AT  CHATFIELD  •  OETIOIT  I,  MICH. 
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KEEP  ON  BUYING  ANTi  KEEP  THOSE  WAR  BONDS 
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IT  CAN 


fKi 


BE  DONE! 


Time  and  again  this  war  has  proved  lhat 
nothing  is  impossible!  Proved  right  here  in 
our  own  backyard,  as  Temple  engineers  and 
craftsmen  delve  along  unblazed  trails  of  re¬ 
search  and  experiment  to  design  and  produce 
more  and  better  communications  equipment 
for  the  battle  fronts. 

This  ability  to  both  design  and  deliver  the 
seemingly  impossible,  under  stress  of  war, 
has  bred  an  unfailing  inventive  capacity 
that  should  prove  invaluable  in  meeting 
the  vast  commercial  requirements  of  peace. 


Electronics  Division 

TEMPLETONS 

RADIO  MFC.  CORP. 

New  London,  Conn. 


oratory  methods  were  used  and  no 
standard  techniques  or  production 
machinery  were  available.  To  fur- 
ther  complicate  matters,  it  was 
thought  that  only  the  best  grades  of 
quartz  were  suitable  for  manufac¬ 
ture  of  oscillating  plates. 

As  a  result  of  the  concerted  ef¬ 
forts  of  the  Signal  Corps  and  the 
industry,  the  latter  was  expanded 
from  some  15  prewar  firms  to  ap¬ 
proximately  115,  and  the  capacity 
to  the  point  where  it  is  now  produc¬ 
ing  at  a  rate  of  approximately  30,- 
000,000  units  a  year.  This  expan¬ 
sion  resulted  from  the  adoption  of 
standardized  equipment,  improved 
techniques,  and  a  continued  search 
for  improvements.  At  the  same 
time,  quality  has  been  vastly  im¬ 
proved. 

As  an  example  of  the  wide  use  of 
crystals  in  the  Army,  he  said  that 
1200  crystals  and  396  coils  are  re¬ 
quired  by  the  536  pieces  of  radio 
equipment  used  by  one  regiment 
The  need  was  met  by  production  of 
9  million  plates  in  1942,  21  million 
in  1943  and  30  million  in  1944. 
Speaking  of  the  changes  in  size,  he 
stated  that  92  percent  of  the  crys¬ 
tals  produced  in  1944  were  less 
than  0.3  sq  in.  in  area ;  less  than  1 
percent  were  1  in.  square,  the  pop¬ 
ular  prewar  size. 

To  meet  emergency  demands  for 
special  frequencies,  several  field 
units  for  crystal  grinding  have  been 
set  up  in  all  active  theaters.  These 
are  manned  by  specially  trained 
personnel. 

Induction  Heating 

From  experience  with  many  large 
industrial  high-frequency  heating 
installations,  Wallace  C.  Rudd  of 
Induction  Heating  Corporation  told 
what  can  be  expected  in  the  plant. 

The  industrialist  is  not  accus¬ 
tomed  to  equipment  requiring  the 
careful  technical  handling  of  elec¬ 
tronic  assemblies,  nor  is  he  recep¬ 
tive  to  acquiring  such  habits.  R 
therefore  becomes  necessary  for 
the  electronic  engineer  to  desip 
his  equipment  to  stand  up  under 
the  conditions  of  the  factory. 

Production  equipment  is  riot 
moved  with  the  care  necessary  ur 
handling  vacuum  tubes.  Instruc 
tions  for  tube  placement  and 
are  not  followed.  It  therefore 
comes  necessary  for  the 
engineer  to  supervise  instaUatio 
In  fact,  the  industrialist  is  nr® 
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light  through  an  earlobe  works  an  elettrit  meter! 

Any  light  source  can  be  made  to  operate  energy  are  daily  written  by  Bradley’s 
'Wters  and  meter  relays  without  costly,  Luxtron  photocells.  For  information  on 

i>nllcy  amplifiers.  Luxtron*  photocells,  how  they  can  help  you,  write  Bradley 

developed  and  manufactured  by  Bradley  Laboratories, 
l^atories,  do  this  today  for  many 
1  P'^poses...such  as  looking  at  a  patient’s 
**^lobe  and  instantaneously  telling  you 
die  oxygen  content  of  his  blood  ...  at  a 
''ifchouse  and  warning  of  fire  ...  or 
^ » furnace  to  gauge  its  temperature. 
l*lew  chapters  in  the  story  of  the  sim- 


Copper  Oxide  Rectifier  Advances 

Bradley  applies 
knowledge  of  elec- 
II  I  trical  circuits  to  the 

11  development  and 

manufacture  of  a  unique  line  of  "Coprox” 
rectifiers.  Write  for  illustrated  bulletin  giv¬ 
ing  ratings  and  special  advantages. 


MASmS  OF  UGHTi 


MASTlIt  OF  PHOTOCiUS 


LABORATORIES,  INC.,  82  MEADOW  STREET,  NEW  HAVEN  10,  CONNECTICUT 
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Customized  for  Airlines 
Airport  Traffic  Control  and  Public  Safety 

COMCO  engineers  have  pioneered  in  the  development  of  VHP 
equipment  .  .  .  designed  for  ease  of  installation  and  mainte¬ 
nance  . . .  ruggedly  constructed  to  withstand  varied  climatic  con¬ 
ditions  and  long  service  . .  .  proved  performance  in  commercial 
use  . .  .  adopted  for  military  service.  We  can  supply  equipment 
on  priority  NOW  and  are  accepting  non-priority  orders  for 
post-war  delivery.  Write  for  complete  details. 


MODEL  132  :: 
OVERALL 
SELECTIVITY 
I20MC. 


Its  too  7t  80  t5  0  to  80  78  too  Its 

rtCOUCNCV  OCVIATION  KC 


COMCO  TRANSMITTER 
MODEL  170 

50  watts  .  .  .  frequency  range 
100  to  150  Me.  .  .  .  Width  23"; 
Depth  18":  Height  48"  . .  .  self- 
contained  unit. 


MANUFACTURERS 
OF  RADIO  AND 
ELECTRONIC 
EQUIPMENT 


VHF 

COMCO  RECEIVER 
MODEL  132 

Frequency  Range: 

100  to  156  Me. 

Image  Ratio: 

100  to  1  (40  db.)  at  156-128 
Me. 

300  to  1  (50  db.)  at  128-100 
Me. 

A.V.C.  Action: 

Constant  within  3  db. 
from  100  microvolts  to 
100,000  microvolts. 

Sensitivity: 

7.5  microvolts  30%  modu¬ 
lated  for  6  mw.  output. 

Signal-to-Noise: 

13  db.  at  7  microvolts.  In¬ 
put  30%  modulated. 

Antenna  Input  Imped¬ 
ance: 

50  ohms  for  co-axlal  line. 

Audio  Output: 

Maximum  undlstorted, 
0.5  watt  Into  500-600  ohms 
— balanced  output.  Audio 
response  within  6  db. 
from  100  to  3000  cycles. 

Power  Source: 

110-120  volts,  60  cycles 
A.C.,  75  watts. 


COMMUNICATIONS 
COMPANY,  INC. 
CORAL  GABLES 
34,  FLORIDA 


likely  to  demand  service  for  elec¬ 
tronic  equipment  than  with  other 
types. 

Some  of  the  problems  must  be 
licked  in  design  to  make  the  unit 
not  just  automatic,  nor  fool  proof 
but  operator  proof.  The  operator 
does  not  want  gadgets,  just  buttons 
to  push.  If  safety  devices  stop  op¬ 
eration,  there  is  either  a  service 
call  or  the  safety  device  is  blocked 
from  operating  with  a  service  call 
later  as  a  consequence.  The  solu¬ 
tion  of  these  problems  is  in  the 
province  of  the  electronic  design 
engineer. 

VHF  Tetrode 

Operation  well  into  vhf  is  made 
possible  by  design  features  of  a 
medium-power  transmitting  tet¬ 
rode,  the  Eimac  4-125A,  developed 
by  the  Eitel-McCullough  Labora¬ 
tory  design  group  and  described  by 
Clayton  E.  Murdock  of  Eitel-Mc¬ 
Cullough. 

A  pair  of  the  new  Eimac  4-125A’8 
in  a  conventional  push-pull  ar¬ 
rangement  is  shown  in  the  photo¬ 
graph.  A  total  driving  power  of 
less  than  5  watts  will  satisfy  the 
requirements  for  full  rated  power 
output  which  is  over  300  watts 
per  tube. 

Interelectrode  capacitances  of  the 
4-125A  have  been  kept  to  low  val¬ 
ues  for  a  tube  having  such  power 
capabilities.  The  plate-to-grid 


CUSTOMIZED  electronics 


Driven  directly  from  a  rignol  generator- 
these  Eimac  4-125A's  deliver  750  wa» 
at  14  Me 

capacitance  is  0.03 
input  and  output  capacitances 
measure  10.5  /i/tf  and  3.0 
spectively.  The  tube  is  2-i  in  ® 
in  diameter  and  has  a  seated  beign 
of  4-i  inches.  . 

A  disk-type  stem  apd  s 
'heavy  electrode  connections 
lead  inductance  to  a  minimum, 
aid  in  holding  the  screen  gri 


MF-66  Glass  base  material  is  readyl 
MoieriaL  facilities  and  techniques  are 
at  lost  available  for  the  production  in  quantity 
of  the  new  Formica  grade  which  is  superior 
to  all  other  grades  in  low  losses  at  high  frequencies. 
This  material,  created  to  extend  the  useful  working 
range  of  laminated  plastics,  is  ready  for  prompt 
shipment  to  high  priority  customers. 


THESE  ARE  ITS  CHARACTERISTICS: 


=  i.'  ^  ''  ~kt 


STRENaiM 

(overage  vo/vetf 

lORT  TIME  METHOD 
1/10"  SHEET 

1150  v.p.M. 


DOWER  PACTOR 
1  kc.  1  me.  i  3Q  me. 

.015  .011  .01 


Grade  MF-66  is  recommended  for  radio  and  radar  coil 
forms,  antenna  bases,  terminal  strips  and  molded  parts. 


Fungus  resistance  of  MF-66  is  outstand-  sulating  parts.  Its  low  water  absorption 
ing  due  to  the  absence  of  cellulose.  The  insures  high  electrical  and  dimensional 
material  is  readily  machinable  to  close  stability  in  humid  climates.  Ask  for  quo- 
tolerances  into  strong,  shock-resisting  in-  tationsl 


the  formica  insulation  company 

4661  Spring  Grove  Ave.,  Cincinnati  32,  Ohio 
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r-f  ground  potential,  two  screen 
leads  have  been  provided. 

Full  output  without  neutraliza¬ 
tion  at  frequencies  as  high  as 
100  Me  is  possible  because  of  the 
combination  of  low  interelectrode 
capacitance  and  small  physical  size. 
Above  this  frequency,  a  slight 
amount  of  neutralization  is  re¬ 
quired,  but  full  power  output  can 
be  obtained  at  120  Me.  Even  at 
160  Me,  an  output  of  250  watts  per 
tube  is  possible.  Preliminary  tests 
have  shown  an  output  of  175  watts 
per  tube  at  215  Me. 

Internal  insulators  are  elim¬ 
inated.  The  32-watt  thoriated- 
tungsten  filament,  tantalum  control 
grid  and  tantalum  screen  grid  are 
supported  by  their  own  leads  from 
the  dish-type  stem.  The  tantalum 
plate  is  supported  by  a  single  lead 
from  the  top  of  the  envelope.  A 
shield  which  extends  from  the 


TELEX 

TWiNSET 


for  Commercial  Aircraft! 


PRODUCTS  COMPANY 

ELECTRONIC  PRODUCTS  DIVISION 
MINNEAPOLIS  1,  MINNESOTA 


When  firing  ceases  and  air  travel  returns 
to  normal,  one  of  the  innovations  in  com¬ 
mercial  aircraft  will,  no  doubt,  be  the 
new  TELEX  TWINSET.  This  magnetic 
receiver  is  light  in  weight,  convenient 
to  use,  and  compact  in  size— three  all- 
important  faytors  for  use  in  aircraft. 

Cleverly  designed  to  wear  imder  the 
chin  instead  of  over  the  head,  the  new 
TELEX  TWINSET  is  one  of  the  new¬ 
est  engineering  developments  in  electro¬ 
acoustics.  Gone  will  be  the  ear  pressure 
and  head  fatigue  suffered  with  most 
head  sets,  for  the  TELEX  TWINSET 
weighs  just  IV4  oimces  and  ©nly  re¬ 
quires  space  of  5  X  6  inches. 

Why  not  learn  how  it  can  help  sim¬ 
plify  a  project  on  your  schedule?  Write 
-for  more  information  about  the  new 
TELEX  TWINSET  receiver. 


Parallel  line  test  amplifier  at  100  Me 
delivers  750  watts  with  less  than  5  watts 
driving  power 


screen  grid  and  an  outside  metallic 
base  shield  isolate  the  input  and 
output  circuits. 

Two  typical  test  r-f  amplifier 
units  constructed  in  connection 
with  the  development  of  this  tube 
illustrate  its  applicability  to  vhf. 
One  amplifier  unit  for  low-fre¬ 
quency  tests  handled  an  input 
power  of  one  kw  at  a  plate 
efficiency  of  75  percent,  and  was 
driven  from  a  single  6L6  doubler. 

For  tests  at  100  Me  and  above, 
the  unit  illustrated  (in  metal  cab¬ 
inet)  was  used.  There  were  no  sig¬ 
nificant  differences  between  the 
operation  of  the  tubes  at  14  Me  an 
100  Me.  The  driving  power  at  lOO 
Me  was  less  than  5  watts  per  pair 
of  tubes  and  plate  efficiencies  of 
Dercent  were  obtained. 

Pushbutton  Double  -  Superheterodynf 

The  design  of  a  double  super¬ 
heterodyne  receiver  which  is  tun 
solely  by  push  buttons  was 


TELEX 


Suggested  uses  for 
TELEX 
TWINSET 

Switchboard 
Airport ^rodio  receivers 
Radio  stations 

Sound  research  laboratories 
Dictating  Equipment 
Medical  stethoscopic  use 
I.  C.  system  for  trains 
Civic  Depts.  (find  water  main 
or  conduits) 

PUBLIC  HEARING 
Theatres 
Churches 
Auditoriums 

CIVILIAN  USE  IN  PLANES 

Pilot 

Passenger  radio  selection 
Telegraph 
Monitor  radio 
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mercury  rectifiers 


VJ 

IINITED  electronics  company  •  NEWARK  2, 

Transmitting  tubes  exclusively  since  7934 
«'«ONICS-M,„k  ,MS 


For  better  and  more  precise  control  of  stop-ond-go  currents,  as 
in  resistance  welding,  mechanical  methods  have  given  way  to 
electronics.  For  this  application  the  WELTRONIC  Company  of 
Detroit,  Michigan,  builds  Electronic  Timers  and  Welding  Controls 
distinguished  for  their  fine  construction  and  efficient  operation. 
In  the  heart  of  these  units  lies  the  toughest  proving  ground  of 
tube  stamina. 


The  rapid  and  instantaneous  changes  In  load  conditions  im 
posed  on  the  power  tubes  in  this  function  would  bring  sudden 
death  to  tubes  built  to  ordinary  standards.  Impulses  up  to  300 
per  minute  are  commonplace  and  put  the  best  tubes  to  the 
severest  test. 

For  this  gruelling  job  WELTRONIC  Engineers  have  standard 
ized  on  United  Mercury  Rectifiers.  Their  sterling  workmanship, 
unusual  physical  ruggedness  and  excellent  electrical  design  are 
the  reasons  underlying  this  preference.  Built  to  withstand  the 
continuous,  severe  conditions  of  these  and  other  industrial  ap 
plications,  tubes  by  United  are  appearing  more  and  more  in 
important  places. 

Where  the  going  is  extra  tough  and  several  thousand  hours 
of  dependable  service  are  essential .  . .  United  Mercury  Rectifiers 
ore  demonstrating  their  superior  qualities.  Get  the  facts  about 
♦hese  better  tubes  today.  Write  for  a  copy  of  our  latest  catalog. 


available 


Now 


Motor 


thermostatically  protected 


0  2  4  .  i  6  10 
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Rating  of  type  A-31-1SA  Motor 

Hortopowor  —  l/50  intermittent. 

Speed  —  10,000  rpm. 

Veltape  —  26  D.C. 

Wind^  —  series. 

lelolien  —  clockwise  viewing  rabbet  end. 

Duty  Cycle  —  15  min.  on  —  30  min.  off. 

Faatures  of  typo  A>3i-1SA  Motor 

Hovsing  —  die  cost  aluminum,  fatally  enclosed, 
finish  —  black  anodized. 

Weight  —  11  ounces. 

••■rings  —  High  quality  single  shielded  ball 
beorings,  lubricoted  with  grease  suited  for 
■ny  specific  application.  Bearing  housings 
fiHed  with  steel  inserts. 

•  Irvthes  —  High  grade  metal  graphite  of  am- 
pW  size  to  auure  unusually  long  brush  life, 
•kermestotic  Fretecter  —  Prevents  motor  burn* 
••h,  odiusted  to  open  motor  circuit  in  op* 
Prwimately  one  minute  under  locked  rotor 
tonditions  at  rated  voltage. 

•wpeioiure  Rise  —  55“  C.  maximum  frame  ’ 
^tewperoture  rise  at  rated  load. 

Meting— Standard  V*"  dia.  Air  Corps  rabbet, 
^^ncotions — Special  shoft  extensions,  mount* 
*•  arrangements,  leads,  etc.  Information  re* 
tording  motors  for  specific  dpplications  fur* 
**h*d  upon  request. 

•••table  for  various  aircraft  applications. 

M  ratings  and  data  arm  approximate. 


to  prevent  motor  burnouts,  and  ad¬ 
justed  to  open  motor  circuit  in  ap¬ 
proximately  one  minute  under  locked 
rotor  conditions  at  rated  voltage  .  •  • 

Here  is  another  Oster  motor  with  features  that  make  it 
ideal  for  many  applications  in  aircraft.  The  thermostatic 
control  prolongs  the  life  of  the  motor  by  preventing  burn¬ 
outs.  Its  weight  (11  ounces)  and  body  size  (l*/2  x  3")  are 
reduced  to  a  minimum  without  impairing  efficiency.  The 
performance  record  -is  backed  by  16  years  of  engineering 
experience  in  the  fractional-horsepower  field. 

You  can  depend  on  it  to  deliver  creditable  results  that 
add  to  your  own  reputation  for  selecting  sources  wisely. 
Let  us  help  you  fit  this  or  other  Oster  motors  to  your  re¬ 
quirements.  Write  for  further  details. 

IN  1955  —  YOU’LL  WISH  YOU  HAD  PURCHASED 

“EXTRA”  BONDS  IN  1945  —  BUY  YOURS  TODAY! 


John  Oster 

Manufacturing  Co. 

DEPARTMENT  E-23  •  RACINE,  WISCONSIN 
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tailed  in  a  paper  by  John  D.  Reid 
of  Crosley.  He  described  an  ex¬ 
perimental  model  made  before  the 
war  that  has  no  dial  or  tuning  knob 
but  has  two  vertical  rows  of  push¬ 
buttons.  The  left-hand  row  of 
eleven  buttons  allows  selection  of 
the  hundreds  figure  from  5  to  15 
— the  right-hand  row  of  ten  but¬ 
tons  allows  selection  of  the  tens 
figure  from  00  to  90.  Thus,  any 
frequency  from  500  to  1590  kc 
may  be  selected  by  pushing  two 
buttons.  To  receive  WLW  on  700 
kc,  the  7  button  in  the  first  row 
is  pushed  and  the  00  button  in 
the  second  row. 

The  first  i-f  value  is  approxi¬ 
mately  4  megacycles  and  gives  fre^ 
dom  from  spurious  responses.  The 
second  i-f  value  is  200  kc  and 
enables  adjacent-channel  selectiv¬ 
ity  to  be  obtained.  The  “100”  but¬ 
tons  switch-tune  the  first  oscilla¬ 
tor  and  input  circuit  in  steps  of 
100  kc.  The  “10”  buttons  switch- 
tune  the  second  oscillator  and  in¬ 
put  circuit  in  steps  of  10  kc. 

By  choice  of  a  first  i-f  value 
at  least  twice  the  highest  fre¬ 
quency  it  is  desired  to  receive,  and 
a  second  i-f  value  at  least  half  the 
lowest  frequency  it  is  desired  to 
receive,  spurious  responses  are 
made  negligible. 

Since  the  input  and  output  cir¬ 
cuits  are  all  tuned  to  different  fre¬ 
quencies,  a  high  overall  gain 
can  be  obtained  without  using 
shielded  coils  or  a  metal  chassis. 

A  sample  receiver  was  demon¬ 
strated  which  was  constructed  on 
a  pressed  wood  chassis  and  con¬ 
tained  no  shields.  Although  stored 
away  for  several  years  until  it  was 
recently  resurrected,  the  tuning 
was  within  5  kc  over  the  broad¬ 
cast  band.  It  was  suggested  that 
postwar  push-button  models  of 
similar  design  might  advantage¬ 
ously  make  use  of  crystals. 

The  performance  of  the  six- 
tube  set  was  superior  to  the  con¬ 
ventional  6-tube  superheterod^e 
with  a  tuned  r-f  stage.  Listening 
in  suburban  Cincinna  i 


THIS  CAN  BE 
YOUR  STAFF 


The  electronic  engineers  who  direct  the  making 
of  Pan-El  Control  Crystals  are  ready  to  work  with 
you  in  the  development  of  circuits  for  any  applica¬ 
tion  calling  for  the  accurate  control  of  frequency. 
Through  the  War  their  experience  has  broadened 
tremendously. 


In  order  to  intelligently  produce  the  crystals  needed 
for  so  many  modern  purposes,  it  has  been  necessary 
for  these  men  to  know  how  they  are  used,  and  even 
to  devise  variations  of  crystals  and  circuits  to  achieve 
specific  results  heretofore  thought  impossible. 


That  kind  of  knowledge  can  serve  in  your  postwar 
planning,  and  the  men  on  our  staff  who  have  it  are 
at  your  service,  as  are  the  full  facilities  of  our  quan¬ 
tity-production  of  the  most  difficult  known  crystals. 


PAN“ELectroiiics  LABoratorics,  Inc. 
500  Spring  St.,  N.  W.,  Atlanta,  Georgia 
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Of  pickup  systems  requiring 

fmbellished  lows  and  good 
•nterniediate  range. 

(25  to  5000  cps.). 

F  K- 

or  high  fidelity  requirements 
L  smooth,  flat  response  and 
foad  range  are  necessary. 

(30  to  above  10,000  cps.). 

F  ,  high 

Of  all  purposes  requiring  rich- 
ci;*,'”  higher  frequencies, 

^"ghtly  rising  characteristic, 
(from  150  to  10,000  cps.). 


-  - - 

com'*'®'' 

’  V|  .  ^  . 


^konics  ■ 


■March  1945 


of  Pivot  Hole 


OritK^er 


Bracket 


Retarding  field 


bradcef 


tions  as  a  beating  oscillator  in 
double-detection  receivers  or  as  a 
frequency-modulated  oscillabir  in 
low-power  transmitters.  So  far  the 
efficiencies  which  have  been  at¬ 
tained  are  quite  low,  as  J.  R.  Pierce 
of  Bell  Telephone  Laboratories 
pointed  out  in  presenting  the 
paper,  but,  that  need  not  be  a 
handicap  in  some  applications.  It 
may  be  light  in  weight,  need  have 
no  magnetic  focusing  field,  and  may 
be  made  to  operate  at  compara¬ 
tively  low  voltages. 

An  electron  stream  from  the 
cathode  passes  through  the  longi¬ 
tudinal  radio  frequency  field  be- 


Attached  to  the  Drill  Sharpener,  it  adjusts 
drill  edges  to  the  proper  angle  for  preci¬ 
sion  grinding,  putting  drill  sharpening  on 
a  quick,  efficient  basis. 

QUICK-SET  DIAL  easily  and  accurately 
adjusts  Sharpener  for  sharpening  drill 
from  5/32"  to  1"  sizes.  Dial  insures  accu¬ 
racy  in  measuring  angles  and  clearances 
on  twist  drills,  preventing  trouble  and 
making  drills  last  longer.  Dial-Set  sharp¬ 
ened  drills  cut  faster  and  more  accurately, 
as  the  edges  are  alike  and  uniformly 
sharpened. 

Precision  built,  calibrated  and  tested, 
unit  is  easy  to  set  up  and  operate.  Saves 
wear  and  tear  on  drill  presses— prolongs 
drill  life— cuts  costs— improves  quality- 
speeds  output. 

Another  thing  worth  remembering  is 
Wrigley’s  Spearmint  Gum.  That  familiar 
red,  white  and  green  package  which  al¬ 
ways  meant  "a  help  on  your  job.”  No 
more  of  this  famous  brand  and  flavor  is 
being  made  for  anyone  now — even  for  the 
Armed  Forces  overseas— as  Wrigley’s 
stockpile  of  finest  quality  raw  materials  is 
all  used  up.  But— remember  Wrigley’s 
Spearmint— The  Flavor  Lasts. 


You  can  get  complete  information  from  Ameraco 
Industrial  Specialties^  122  S.  Michigan 
Avenue,  Chicago  3,  Illinois 
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Output  line--' 


Elements  off  a  reflex  oscillator  that 
illustrate  the  principle  of  operation 


Z-61 


Principle  of  drift-space  bunching  J 

I 
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Front  view  of  grinder 


Side  view  of  grinder 
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tween  two  resonator  grids  where 
the  stream  is  velocity-modulated, 
then  into  a  retarding  field  pro¬ 
duced  by  a  repeller  electrode  where 
the  beam  becomes  bunched.  Finally 
the  bunched  stream  returns  across 
the  r-f  field,  exciting  the  resonant 
circuit. 

Bunching  in  a  retarding  field  is 
also  shown.  The  retarding  field  in 
this  case  is  the  electrostatic  po¬ 
tential  gradient  between  resonator 
grids  and  repellers.  The  drift 
time  is  the  time  an  electron  pro- 


New  Quick -set  Dial  Drill  Sharpener 
Eliminates  Guesswork  .  .  .  Keeps  ’em 
Drilling  Faster — Longer 


RepeHer 


A  Resonator 


IGMA  SENSITIVE 
DOUBLE 
COIL  RELAYS 

.  .  .  open  new  possibilities 
in  circuit  functions 


Energized  from  separate  sources,  coils  may  be 
connected  to  produce  aiding  or  opposing  forces 
according  to  functional  requirements, 

IN  CASE  1,  above,  sources  A  &  B  may  supply  in¬ 
sufficient  power  to  operate  the  relay  separately, 
but  simultaneous  currents  cause  the  relay  to 
operate. 

IN  CASE  2  equal  inputs  from  sources  A  &  B 
create  opposing  forces  which  balance  and  prevent 
operation.  However,  a  differential  current  of  only 
a  few  milliwatts  will  cause  positive  action. 

Each  coil  may  be  drawing  power  up  to  many 
times  that  required  to  operate  the  relay  without 
seriously  affecting  its  sensitivity  to  the  differen¬ 
tial  current.  Sigma  Series  5  relays  are  regularly 
furnished  with  two  coil  terminals  on  a  3-pin  base. 
When  three  or  four  coil  terminals  are  needed  this 
arrangement  can  be  furnished  in  the  F  type  with¬ 
out  cover  or  base  or  in  the  R  type  with  rectangu¬ 
lar  cover  and  molded  base  carrying  terminal  lugs 
and  mounting  ears.  This  permits  mounting  above 
deck  and  wiring  below  deck. 


In  orderins  relays  for  special  applications. 
1m  sure  to  specify  full  operatins  characteris¬ 
tics,  describing' circuit  details  and  surround¬ 
ing  conditions  as  fully  as  possible. 


Our  varied  experience 
will  help  you  choose 
the  right  relay  for 
YOUR  iob. 


Sigma  Instruments,  INC. 

RELAYS 

62  CEYLOX  ST.,  BOSTON  21,  MASS. 


to  the  resonator-grid  region.  The 
medium  projection  velocity  is  V’, 
and  the  time  to  return  to  the  plane 
of  projection  is  To. 

Electrons  projected  faster  will 
return  later ;  those  projected  slower 
will  return  sooner.  In  this  way  a 
velocity-modulated  beam  is  con¬ 
verted  into  a  density-modulated 
beam. 

Reflex  oscillators  can  be  tuned 
electronically  by  varying  the  volt¬ 
age-gradient  between  resonator 
grids  and  repeller  electrode.  For 
moderate  loads,  the  total  electronic- 
tuning  frequency  range  between 
half-power  points  is  not  greatly 
affected  by  loading;  for  very  heavy 
loads  it  is  decreased.  The  rate  of 
change  of  frequency  with  voltage 
is  faster  the  heavier  the  load. 
Theoretical  curves  of  relative 
power  vs  frequency  and  of  fre- 


Efiect  of  load  on  electronic  tuning  (a) 
output  Ti  frequency  characteriitic  and 
(b)  frequency  ts  repeller-Toltage  curvet 
of  a  reflex  oscillator 

quency  vs  repeller  voltage,  which 
illustrate  this  phenomena,  are 
shown.  Measured  curves  are  very 
similar. 

If,  as  above  for  instance,  the  os¬ 
cillator  is  operating  off  circuit  reso¬ 
nance  by  means  of  electronic  tun¬ 
ing  and  if  the  repeller  voltage  is 
kept  constant,  when  the  1<^ 
is  changed  in  a  purely  resistive 
sense,  not  changing  the  resonaat 
frequency  of  the  resonant  circuit, 
*the  frequency  of  oscillation  vvill 
change  because  of  the  shifting  to 

a  new  frequency-vs-repeller  volt¬ 
age  curve. 

High-Frequency  Wattmeter 

The  power  dissipated  in 
high-frequency  load  is  that  po'v^ 
in  which  interest  lies.  A  vva 
meter  which  measures 
was  described  by  Eugene  Mi  ® 
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THE  BUSINESS  OF 

CROWE  NAME  PUTE  & 


MANUFACTURING  CO. 

IS  NOW  KNOWN  AS 

CRONflME 

INCORPORATED 

MANAGEMENT,  PERSONNEL 
FACILITIES.  DESIRE  TO  SERVE 
AND  THE  PHONETICS  OF  THE 
NAME  REMAIN  UNCHANGED 

• 

3701  Ravenswood  avenue 
CHICAGO  13,  ILLINOIS 


OVER  40  YEARS  EXPERIENCE 
IN  FINE  METALCRAFT.  A  SELF 
CONTAINED  PLANT  WITH 
OVER  FIVE  ACRES  OF 
MANUFACTURING  SPACE 


^tCTRONlCS-MorcA  194S 


Load 


ntdlicuiiteu  Company 


Photo  Courtesy 


Generator 


-WHEM  YOU  KHOW  HOW 


be  sure .  •  • 

consult 


KESTER 


•  You  can  be  sure  of  permanent  solder  bonds  for  elec¬ 
trical  circuits  and  other  connections  by  standardizing 
on  Kester  Cored  Solders.  You’ll  banish  hit-apd-miss 
methods  because  Kester  Cored  Solders  carry  positive¬ 
acting  flux  right  in  their  cores. 

•  Kester  Cored  Solders  are  mistake-proof  because  they  are  made  to  be. 
They  are  the  result  of  46  years’  solder  experience  and  laboratory  re¬ 
search.  They  come  to  you  ready  for  use,  arid,  because  of  the  complete¬ 
ness  of  the  Kester  line,  in  just  the  right  strand  and  core  sizes,  and 
alloy  and  flux  combinations. 

•  Solder  and  flux  then  are  applied  in  the  one  simple  operation.  Clean, 
tight  solder-bonds  follow. 

•  Kester  Rosin-Core  Solder  is  for  electrical  work.  Eliminates  dangers 
of  short  circuits  and  protects  terminals  permanently,  because  the  plastic 
rosin  core  does  not  cause  corrosion  or  injure  insulation. 

•  Kester  Acid-Core  Solder  is  for  general  work.  Assures  unimpaired 
fluxing  power,  because  the  flux  is  rapid-acting  and  all-purpose. 

•  Kester  Cored  Solders  form  solder-bonds  that  hold  fast  even  against 
the  contraction  and  expansion  of  extreme  temperature  changes  — 
bonds  that  resist  shocks,  vibration,  bending  and  twisting.  Let  Kester 
Engineers  help  you  be  solder-sure.  Their  46  years’  experience  and 
laboratory  research  are  at  your  service. 

KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue  Chicago  39,  Illinois 

Eostern  Plant:  Newark,  N.  J.  Canadian  Plant:  Brantford,  Ont. 


mann  of  the  Illinois  Tool  Works. 

Because  of  the  wide  discrepency 
observed  between  the  rated  power 
output  and  that  actually  obtain¬ 
able  from  industrial  heating  equip¬ 
ment,  the  wattmeter  was  designed 
to  measure  dissipated  power  by  the 
method  illustrated  in  the  circuit 
diagram. 

Because  of  the  current  drawn 
from  the  generator  by  the  load, 
the  voltage  across  the  load  will  be  a 
function  of  the  load  and  the  in¬ 
ternal  impedance  of  the  generator. 
The  thermocouple-galvanometer  in¬ 
strument  is  made  square  law  and 


Connection  oi  wattmeter  to  h-i  genera¬ 
tor  to  read  the  voltage  across  the  lood. 
By  means  of  the  resistor,  the  meter 
reading  is  made  proportional  to  watts. 
If  the  thermo-couple-galvanometer  com¬ 
bination  is  square-law,  the  wattage 
scale  is  linear 

therefore  its  indication  is  propor¬ 
tional  to  the  power  being  dissi¬ 
pated  in  the  load.  The  meter  is 
calibrated  at  no  load  using  the 
equivalent  no-load  loss  conductance 
of  the  generator  as  a  standard  of 
comparison.  Although  the  genera¬ 
tor  contains  vacuum  tubes  whose 
impedances  vary  with  load,  meas¬ 
urements  on  diathermy  and  indus¬ 
trial  dielectric  and  induction  heat¬ 
ing  equipment  over  a  variety  o 
loads  showed  the  maximum  error 
to  be  within  five  percent. 

Besides  measuring  power,  t  i* 
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^We  give  you 

Sergeant  Adams!” 


Little  or  no  introduc¬ 
tion  is  needed  by  the 
welcoming  committee. 
The  Sergeant  has  been 
through  many  hells. 
As  a  crew  member  he’s  been  over  Berlin 
in  giant  bombers.  Over  a  lot  of  other 
German  cities,  too.  More  recently^  he’s 
been  over  Tokyo. ..time  and  time  again  I 
Before  long,  thousands  of  fighters 
like  Sergeant  Adams  will  be  back  on 


their  jobs  in  American  industry.  They 
know  from  experience  what  American 
equipment  can  do.  Many  will  have  first¬ 
hand  knowledge  of  the  war  job  per¬ 
formed  by  Eastern-built  equipment— 
not  only  earlier  types  of  amplifiers  re¬ 
lated  to  sound  .systems  but  also  the 
newer  types  of  Eastern  units  related  to 
wartime  and  industrial  instruments.  As 
civilians,  these  men  are  going  to  say,  "If 
it’s  built  by  Eastern,  it’s  okay!" 


To  aid  the  war  effort,  our  engineers 
are  available  for  consultation  on  any 
amplification  or  electronics  problem. 
Eastern  will  continue  to  apply  its  re¬ 
sources  to  designing  and  manufacturing 
war  equipment  until  the  day  of  Victory. 
Meanwhile,  on  request,  we  will  send 
you  the  next  of  a  series  of  articles  on 
peacetime  sound  and  electronic  equip¬ 
ment,  prepared  by  our  engineering  staff. 
Ask  for  Brochure  3-F. 


Buy  MORE  War  Bonds 


*stern  Amplifier  Corporation  •  794  East  140th  Street  •  New  York  54,  N.Tl 


The  No.  90505 
Secondary  Frequency  Standard 

A  Pracitien  Fraquancy  Standard  for  both  loboro- 
tary  and  production  UMS.  Dotignad  oraund  tha 
GE  crystal,  having  a  fraquancy  lamparatura 
coafficiant  of  lost  Ihon  1  cyda/Me/C''.  The 
crystal  it  saolod  in  a  standard  ntatal  tuba  anval- 
opo.  Adiustablo  output  providad  at  intorvals  of 
10,  25,  100,  and  1000  KC  vrith  magnitudo  useful 
to  50  MC.  Himnonic  ompliflar  with  tutrod  plate 
circuit  and  panel  range  switch.  800  cycle  ntodu- 
lotor,  ‘with  panel  control  twitch.  Panel  plate 
supply  control  switch.  In  addition  to  Oscillators, 
Multi-vibrators,  Modulators,  and  Ampliflart,  a 
built-in  Datactor  with  'phone  jock  and  gain 
control  on  the  panel  it  incorporated.  Self- 
centainad  AC  power  supply  with  VR  150-30 
voltage  regulator.  Cabinet  tire  9"  x  9Ve"  x 
10’^^,  weight  20  lbs. 


wattmeter  can  be  used  to  indicate 
proper  loading  of  .the  generator. 
For  a  given  generator  there  is  only 
one  value  of  equivalent  loss  re¬ 
sistance  referred  back  by  the  ex¬ 
ternal  load  for  which  maximum 
power  dissipation  is  obtained.  It 
is  possible,  therefore,  to  provide  a 
marking  on  the  meter  dial  indica¬ 
tive  of  this  value.  To  obtain  proper 
matching  the  coupling  is  adjusted 
until  the  meter  deflection  reaches 
this  mark. 

In  an  industrial  installation,  the 
wattmeter  and  its  calibrating  re¬ 
sistor  can  be  mounted  with  the 


EASTERN  PUMP 

FOR  VACUUM  TUBI 
COOLING  SYSTEMS 

Five  different  models  of  small  ttr.trif-- 
pumps  designed  for  circulating  water  thu  ’ 
the  cooling  systems  of  communication  : 
X-ray  tnl)es  have  lieen  s'lccessfullv  , 
by  Kastern  F.ngineering  Company,  ic-j 
leading  manufacturer  of  small  pump.  •' 
big  jobs.  These  pumiis  niay  be  hf.!  ■' 
either  land,  sea  or  airlsirne  installarvi 

AIRBORNE  MODELS 

(Dcsijimted  as  the  AR  Series) 

These  are  designed  in  conformarce  ri 
Army  and  Navy  standards.  They’r.avt'i 
following  outstanding  features: 

EXTREMELY  I.IfUIT  WEIf.UT  •  COMP.tCTi 
IXTEtiR.M.  IM  MP  .\ND  MOTOR  UNIT  . 
EXPLOSION  PROt*F  •  VARIED  EERFO'; 
AXCES  AVAIL.ABLK  •  OPTIo.N ALV0LT.tr, £•■ 
LOXC,  LIKE  -  COXTINfOfS  DUTY  M- 
PEXDABLE  OPERATION  •  UXIVEf: 
_  MOUXTIXG 

The  pump  i: 
motor  are  &r4 
tegral  unit  . 
iiig  but  tffc  i 
one-third  j  can- 
a  n d  meas'trit 
over  all  5‘i' 
4//'  X  2’//. 


Performance  up  to 
11  P.  S.  I.  and  up 
to_  5  gallons  per 
minute.  Models  are 
available  in  stand¬ 
ard  1  2  a  n  d  2  4 
volt  I).  C.  ratings. 

Shown  are  !>  e  r  - 
forniance  ctirves 
for  the  A  R  2 .  ,1 
and  4.  All  models 
have  lottg  life  and 
are  rated  for  continuous  duty  with  the  < 
ception  of  model  .\R4.  which  under  8  KS. 
is  rated  for  interTnittcut  duty.  Whi'f  ■ 
curves  shown  are  tlio-<-  for  which  irtd 
is  now  stanil.'ird.  it  is  readily  )e“il'( 
obt.-iin  other  characteristics  where  <  ' 
is  involverl. 

The  pump  is  eiitiiiuied  with  a  nechi: 
rotary  se.il  which  positively  seah  '■(  ' 
any  leakage.  This  seal  is  adjusted  it 
factory  anil  tested  under  excessive  [re" 
f)nce  the  tuitnp  has  iK-eii  released  iren.  ' 
test  roiiin  no  further  attention  or  ira 
nance  is  necessary  for  either  motor  cr  i  t 
during  the  life  of  the  unit. 


Commercial  application  in  which  the 
wattmeter  ia  mounted  at  the  center 
with  the  ether  generator  meters;  the 
colibrating  resistor  is  to  ths  right  of 
the  wottmeter 


other  meter.s.  The  calibrating  re¬ 
sistor,  used  to  adjust  the  sensitivity 
of  the  meter  so  that  it  is  reading 
true  watts,  is  calibrated  as  a 
multiplier  in  the  case  illustrated  in 
the  accompanying  photograph. 


The  Servo  Problem 


That  the  purpose  of  a  servo  sys¬ 
tem  is  to  reproduce  a  signal  at  a 
place  or  a  power  level  or  in  a  form 
that  is  different  from  the  original 
signal  but  is  under  its  control  was 
explained  in  a  paper  by  Enoch  B. 
Ferrell  of  Bell  Laboratories.  The 
same  can  be  said  for  a  public-ad¬ 
dress  amplifier,  a  telephone  re¬ 
peater  or  an  i-f  amplifier.  The 
servo  uses  negative  feedback  as  do 
some  of  the  others  and  its  circuit 
elements  include  motors,  gears  or 
thermostats.  Noise  and  distortion 
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LAND  AND  SEA  MODUS 

(Designated  as  E-1  and  E-7) 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


T^oth  are  crntrifimal 

fleiieral  Kli-ctric  '  .j, 

F.-1  is  7"  X  .U}4"  ^  .  ’'I  '  d 

6  lbs.  and  lias  a  M-iximutn  * . 
lbs.  1‘.  .S.  1.  with  a  M  iximiim  <  j 
/  G.  1*.  M.  Model  V.-7  H  9  * 

If,  II.  If,  weighs  8  Ills  and  Ii3‘  “ 
Pressure  of  20  Ihs.  1*.  S.  . 

Capacitv  of  9  C.  P.  -V  > 
for  iM.th  models  are  'hown  ,i 

these  models  are  dc'igued  for  «  8  ^  , 

are  e<iuii>pcd  with  mechaiu  jji 

which  completely  se.al  .i^ are  ' 
leakage.  While  the  curves  it 

for  which  production  is  .0'’'"'  ,  (ta.- v 

readily  possible  to  obtain  ,  , 

istics  where  eiuantity  is  ui'  ;• 

Ire  obtained  with  motors 
Specifications. 

EASTERN  RNGINEERINO  C®"" 
14  FOX  STREET  -  NEW  HAVEH  _ 


SAFEGUARD  the  Qualify 

of  your 

ELECTRONIC  INSTRUMENTS 


with 


rniLiTE 

trade  maric 


PALLADIUM  PLATING  SOLUTION 


E 


No  matter  what  metals  you  are  using,  PALLITE  will  safeguard  the  quality  of  your  Electronic 
Instruments.  If  you  are  using  Silver,  a  film  of  Palladium  .000001"  from  our  PALLITE  bath  will 
prevent  tarnishing  and  maintain  the  Q  value  without  imparting  measurable  characteristics  to 
the  silver. 

Polladium,  by  means  of  a  PALLITE  bath,  can  be  plated  on  solder,  tungsten,  tantalum,  etc.,  and 
if  required,  gold,  copper,  etc.  can  be  plated  over  PALLITE  Palladium  Plate. 

Palladium  is  easy  to  use  and  economical;  it  has  tremendous  throwing  power  and  can  be 
deposited  without  difficulty  in  the  most  remote  corners.  Palladium  is  highly  resistant  to  corrosion 
ot  elevated  and  at  low  temperatures. 

PALLITE  may  be  the  answer  to  your  plating  difficulties;  bring  your  problems  to  us  and  we  will 
tell  you  how  PALLITE  is  now  being  used  successfully  in  the  electronic  field. 


PRECIMET 

Division  of  GEORGE  C.  LAMBROS 

Research  and  Development  in  Precious  Metals 

64  Fulton  Street  New  York  7,  N.  Y. 

'“^IONICS 


made  only  by 

LABORATORIES 
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LOOK  TO  THE  LEADER  FOR  LEADERSHIP 


#1218 

PILOT  LIGHT 
ASSEMBLY 


are  called  error  in  servos  but  the 
basic  problems  of  stability,  band¬ 
width  and  linearity  are  the  same. 

The  drawing  shows  a  simple 
servo  system  in  which  a  low-power 
input  shaft  controls  a  high-power 
output  shaft.  The  difference  in  the 
two  shaft  positions  is  converted  to 
a  voltage  by  means  of  the  potenti¬ 
ometer.  The  voltage  is  applied  to  a 
motor  which  drives  the  output  shaft 
into  agreement  with  the  input 
shaft.  The  potentiometer  and  mo¬ 
tor  can  be  considered  as  amplifying 
elements  similar  to  vacuum  tubes. 

Negative  feedback  is  introduced 
through  the  drive  of  the  potentiora- 


Warm  glow 
visible 

from  all  angles. 


Thit  Gothard  Aatembly  is  sspscially  ds- 
siqnsd,  with  nsw  typs  bcdcslite  bcwe,  to 
acconuttodale  those  latest  style  bulbs. 
Particularly  adapted  to  indicote  that  a 
machine  or  device  is  turned  "ON"  for 
operotion,  because  the  neon  bulbs  ac¬ 
commodated  will  burn  severol  thousand 
hours  with  very  low  current  consump¬ 
tion  and  infrequent  need  for  reploce- 
ment.  as  against  the  approximate  500 
hour  life  of  ordinary  lamps.  Operates 
on  115  volts,  if  200,000  ohm  external  re¬ 
sistance  is  provided  in  series.  The  un¬ 
breakable  hicite  protective  cap,  designed 
and  mode  for  Gothard  exclusively,  pro¬ 
vides  perfect  light  dispersion  of  its  warm 
neon  glow  in  all  directions.  Lucite  cap 
unscrews  iof  lamp  change.  Bakelite 
socket.  Polished  and  chrome  plated  Jewel 
holder.  1"  mounting  hole.  Recommended 
colors  for  lucite  cap:  clear,  amber  or 
red.  Also  oak  for  complete  informotion 
on  Gothard  #1216  Assembly  for  NE  45 
neon  bulbs  and  wide  range  of  other 
Gothard  Lights. 


'Vb  -ev 
(^-‘0)n='e 

rtd4.ad4.s 


MANUFACTURING  COMPANY 

1310  North  Ninth  Street, 
Springfield,  III. 


Simple  servo  system  which  incorporalsi 
negative  feedback 

eter  body  by  the  motor  shaft.  Thus, 
unwanted  effects  of  frequency  dis¬ 
crimination  and  non-linearity  are 
reduced  by  an  amount  dependent 
upon  the  signal  transmission  gain 
around  the  feedback  loop. 

This  transmission  characteristic 
is  designed  to  give  a  phase  reversal 
at  low  frequencies.  If  an  error  ex¬ 
ists  it  is  propagated  around  the 
loop  and  because  of  this  reversal^ 
annuls  itself,  but  at  some  higher 
frequency  the  reactances  introduce 
an  additional  phase  reversal  and 
when  the  error  gets  around  the 
loop  it  tries  to  reinforce  itself.  If 
the  return  signal  is  larger  than 
the  original  error,  the  error  grows 
until  it  is  limited  by  overloading  in 
the  system  and  the  system  oscil¬ 
lates.  We  say  it  sings  around  the 
loop. 

Two  margins  of  safety  need 
to  avoid  this  singing  have  been  de¬ 
scribed  by  Bode.  At  gain  crossover, 
which  is  the  frequency  for  which 
the  amplification  is  unity  and  ® 
gain  is  zero,  a  phase  margin^ 
needed.  At  phase  crossover,  w  w 
is  the  frequency  for  which  the  ^ 
turned  signal  is  in  phase  , 
error,  a  gain  margin  is  n 
Good  design  practice  provi  es 
gain  margin  of  10  to  20  db  w 

nVioaa  Tnarorin  of  40  tO  60  dCgT 


Export  Division 

25  Warren  St.,  New  York  7,  N.  Y. 

Cobles — Simentrico,  Now  York 


permitted  by 
foresight  in  fabrication  methods 


The  post-war  production  era  dooms  woM  to  gain 
impetus  through  modification  of  high  price  levels  and 
the  retention  of  functional  superiority.  BAER  fibre 
fabrications  will  go  far— as  has  been  proven  in 
meeting  a  diversity  of  wartime  urgencies — in  effect¬ 
ing  manufacturing  economies  plus  operating  depend¬ 
ability.  Whether  your  requirements  call  for 
machining,  milling,  drilling,  punching,  stamping  or 
sawing,  BAER  up-to-the-minute  facilities  will  produce 
as  specified.  An  inquiry  does  not  obligate  you  in 
any  way  whatsoever;  send 
blue-  prints  or  sketches  for 


WRITE  FOR  H 
LITERATURE  H 

The  6- page  data 
bulletin  —  com- 
plete  with  tech-  V 
nical  compilo-  * 
tioni,  ipecificatient, 
characteristics  and 
properties  —  will  be 
sent  on  request. 
Write  for  Bulletin 
120. 
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lOCKBESTOS  Permanently  Insulated 

WIRES,  CABLES  AND  CORDS 

Answer  Electronic  Wiring  Problems 


A  Typical  Rockbesfos  Construction  that 
Assures  Long-Lived  Performance* 


ROCKBESTOS  FIREWALL  RADIO  HOOKUP  CABLE 

This  special  assembly  of  14  sinsle  conductor  No.  22  AWG  Rock- 
bestos  Firewall  Radio  Hookup  Wires,  color-coded,  cabled  with  a 
cellophane  sheath  to  hold  the  lay  and  keep  the  braids  clean  (a), 
shielded  with  tinned  copper  braid  (b),  and  covered  with  an  abrasion- 
resisting  cotton  braid  (c)  filled  one  customer’s  requirement  for  a 
compaa,  small-diameter,  light  weight,  heat,  flame  and  moisture 
l  resistant  multi-conduaor  cable.  The  individual  conduaors  are  made 
\  up  like  this: 

^  Color-coded  braid  of  rayon  yarn  (or  cotton  or  glass)  lacquer-finished 
to  a  hard,  smooth  surface  that  never  becomes  gummy  or  tacky  and  is 
resistant  to  heat,  cold,  moisture,  oil,  grease,  gasoline  and  cleaning 
fluids. 

‘  2  X  firewall  of  resilient  felted  asbestos,  impregnated  with  heat,  flame 
and  moisture  resisting  compounds,  that  acts  as  a  heat-barrier  against 
high  ambient  temperatures  and  won’t  burn  under  copper-melting 
arcs. 

^  Thin,  tough,  mechanically  strong  synthetic  tape  for  uniform  high 
dielectric  strength;  has  high  moisture  resistance. 

-A  Stranded  tinned  copper  conductor  perfectly  and  permanently  cen¬ 
tered  in  helically  applied  insulation  that  will  not 
I  migrate  or  flow  under  heat. 


ROCXBESTOS  FIREWAU  RADIO  HOOKUP  WIRE 

The  first  light  weight,  small  diameter,  flame  re- 
sisunt  hookup  wire,  designed  in  1937  and  widely 
utd  since  in  aircraft  radio,  ground  installations 
ud  instruments.  Operating  temperature  range 
from  125°C  to  minus  50°C.  Sizes  No.  22  to_  4 
AWG  constructed  as  in  panel  above.  Also  ^‘th 
tiaoed  copper  shielding  braid  and  in  twisted 
piiror  tripled  construction. 


*One  of  more  than  122  different  wires  and 
tables  developed  for  severe  operating  condi¬ 
tions  by  Rockbestos, 


ROCKBESTOS  TYPE  CA  LEAD  WIRE 

Hm  high  dielectric  strength  plus  high  moisture 
resistance  for  use  where  heat  and  humidity  is 
encountered.  Sizes  No.  20  to  8  AWG  solid  or 
stranded  copper,  monel  or  nickel  _  conductors 
with  synthetic  tape  and  various  thicknesses  of 
iehed  asbestos  in  black,  white  or  colors. 


rockbestos  thermostat  control  wire^ 

For  low  voltage  signal  and  intercommunicating 
sygems  and  heat  control  devices.  Sizes  No.  14, 
16  and  18  AWG  in  two  to  six  conductors  with 
•0125",  .025"  or  (for  115  volt  service)  .031" 
**11  of  felted  asbestos  and  spiral  metallic  armor. 


'“day  are  thf 

developed  bfRockbest^To  gi«  derend'Ib?*’  ‘ 

Mvere  or  unusual  operating  conditio^  P^  u  P"f“™ance  u 
built-in  ptrmanm  charactenstics  that 
flame,  cold,  moisture,  oil  grease  all,{^^  resistance  to  I 
fumes  .  ...  -- 

Iatron-raki^g7empra"ul“s‘'up'^^^^^  .unaffected  by  i 

yet  ^Messing  uZuall^T'higrdietork  "'"‘i 

standard  constructions  are  fllus!ram7  Ldf’'  ''  °f 

Jrem  3*7o®S^“"’ 

tions  wo'n’t’do’^.*'*'  SkSI'torR '  '  standard  constr 

wires  to  meet  your' nartk^sT  will  gladly  deve 

problem  and  write  to'Jhe  nearest^ranrtXeir"  ''' 


1  nranen  office  or- 

•eWESTOS  AV.C.  600  VOLT  MOTOR  LEAD  CABLE  R  Irh 

A  heat,  flame,  oil,  grease  and  moisture  resistant  ••♦of  Products  Corp.,  42 1  Nicoll  g*  m  aa 

for  coil  connections  and  motor  leads.  Sizes  m  ^  Haven  4,  Cor 

reo.  18  AWG  to  1,000,000  CM  insulated  with  I#  E  U  1#  M  A  m  •  . 

l*'>l>>ated  felted  asbestos  and  varnished  canfbric  IW  ^  1C  V  I  ■  I  L  P  ^ 

*“d  covert  with  a  rugged  asbestos  braid.  ^  ■  "  Sw  b  v  I  ^  J  J  P  f 

covruMo,  cHicaoo.  Pi„sBiiaoH  sr  “"""S  '‘'Oblen 

PORTLAND, 
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HOI  HBtt  MONTH 

^^NOT  NEXT  YEAN 
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has  for  fast  delivery  I 

Critical  Radio  and  I 
Electronic  Components! 
and  Equipment  M 


TUBES  METERS 

RELAYS  TEST  EQUIPMENT 

CAPACITORS  TRANSFORMERS 

RESISTORS  ETC.,  ETC. 

After  18  years  in  the  radio  and 
electronic  field,  HARVEY  is  adept 
at  supplying  you  with  equipment 
you  need— not  next  week,  not  next 
month,  not  next  year  —  but  now, 
just  when  you  need  it.  That’s  the 
service  tor  which  we  ore  famous. 
Critical  items,  if  not  on  our 
shelves,  will  be  traced  for  you,  or 
we  may  be  able  to  suggest  effec¬ 
tive  substitutes.  And  HARVEY  can 
help  solve  your  priority  problems, 
lend  a  hand  with  technical  advice. 
Save  time,  save  money  .  .  .  see 
HARVEY-first,  last,  always ! 


Telephone 
Orders  to 
LOngacre  3-1800 


i03  WEST  43rd  ST.,  NEW  YORK  18,  N.  Y. 


pha.se-correcting  network  can  be 
used  to  improve  the  phase  margin. 
To  obtain  proper  phase  margin,  the 
loop  transmission  characteristic 
must  have  a  slope  of  about  9  db  per 
octave  in  the  region  of  gain  cross¬ 
over.  With  proper  phase  equaliza¬ 
tion,  the  low  frequency  gain  can  be 
made  large  and  hence  the  errors  in 
following  can  be  made  small. 

Disk-Seal  Tubes 

Union  of  electronic  and  electro¬ 
magnetic  circuits  is  accomplished 
by  the  disk-seal  tubes  introduced 
publicly  by  E.  D.  McArthur,  Re¬ 
search  Laboratory  of  General  Elec¬ 
tric. 

To  obtain  usable  characteristics 
at  vhf,  it  becomes  necessary  to  com¬ 
bine  the  functions  of  the  circuit  in¬ 
side  the  envelope  and  that  custom¬ 
arily  outside  the  tube  bulb.  By 
making  the  tube  electrodes  a  part 
of  a  cavity  resonator  as  illustrated, 
the  electron  stream  is  brought  di¬ 
rectly  into  the  electromagnetic  cir¬ 
cuit,  thereby  eliminating  tube-lead 
inductance.  Inter-electrode  capaci- 


The  center  of  a  cavity,  being  the  best 
place  at  which  to  current-excite  it.  is 
the  ideal  position  for  the  electron  stream 

ties  are  an  integral  part  of  the  cir¬ 
cuit,  and  radiation  which  is  the 
greatest  single  factor  limiting  the 
impedances  that  can  be  obtained 
without  shielding  at  vhf  is  com¬ 
pletely  eliminated  by  using  cav¬ 
ities. 

Because  of  skin  effect,  the  elec¬ 
tromagnetic  field  is  confined  to  the 
cavity  but  heat  is  conducted  to  the 
outside  where  its  efficient  radiation 


You  Can  Get  Them 


GOULD-MOODY 

CLASS  BASE 
INSTANTANEOUS 
RECORDING  BLANKS 


Tho  tributes  paid  to  "Black  Seal 
discs  by  many  leading  engineers 
have  been  earned  by  distin¬ 
guished  service  on  the  turntable 
Your  ears  will  recognize  the  dil- 
(erence  in  quality  of  reproduc¬ 
tion,  and  the  longer  play-baci 
life  will  prove  the  superiority  ol 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchangeable  with  aluminuB, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions,  recording  studios  and 

I  schools.  Enclosure  of  your  pnor- 
ity  rating  will  facilitate  deliveiy 
Okl  Aluminom  Blanks  Bscoat*d„^ 
"Block  Saol"  Formulo  on  Short 
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HI6HCST  INSULATION  EFFICIENCY 


Polystyrene's  outstanding  points  are 
summarized  here: 

Dielectric  Conatant . 2.5  to  2.6  at  frequencies  10'* 

Power  Factor,  60  cycles . 0001  to  .0003 

10^  cycles . 0001  to  .0003 

10«  cycles . . 0001  to  .0003 

Dielectric  Strength,  Volts/Mil  Is"  thickness 

Short  time  500  to  700 
Step  by  Step  450  to  600 

Volume  Resistivity,  ohms>cms .  10*'*  to  10'* 

Heat  Resistance .  1 50**  F  to  250"  F 

Softening  Point .  190*F  to  250*  F 

Specific  Gravity .  1.05 


ACADAN 

Flexible  at  -100**  F  and  has  many  of  the 
electrical  properties  of  Polystyrene.  Ideal 
for  numerous  electrical  applications. 
Write  for  information  on  forms  now  avail* 
able  and  data  on  physical  and  electrical 
properties. 


Equal  to  mica  and  ceramics — superior 
to  any  other  commercial  plastic— Acadia 
Polystyrene  combines  all  desirable  elec* 
trical  properties.  Its  dielectric  strength 
and  power  factor  are  outstanding. 

Other  plus  values  include:  zero  water 
absorption,  relative  freedom  from  ad* 
verse  effects  by  acids,  alkalies,  weather, 
stack  gases,  etc.;  and  high  tensile 
strength  of  3500  to  5000  pounds  per 
square  inch. 

Sheets  of  Acadia  Polystyrene  —  com* 
pression*molded  —  have  properties 
superior  to  those  fabricated  by  other 
methods — no  shrinkage  at  normal  tern* 
peratures — better  heat  resistance. 

Complete  details  are  available  on  re* 
quest.  For  quick  reference  a  few  of 


fVoceseors  of  SynihmUc 
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Mode}  SI  C$  StudioeHe  Spoech 
Input  Console  for  tmetleif. 
end  sub>ttud}e  operetloiw  • 


pick-ups  and  for  large  broadcasts  such  as 
symphonies,  conventions,  etc.  You’ll  find  these 
Gates  units  in  service  all  over  the  world  .  .  . 
time-proved  by  dependable  service  in  more 
than  100  U.  S.  broadcasting  stations  ranging 
from  250  to  50,000  watts. 


•  Here  are  two  popular  examples  ot  how 
Gates  equipment  is  engineered  for  efficiency 
and  economy  to  meet  the  requirements  of 
every  type  of  station.  These  two  popular 
studio  control  units  meet  every  demand  for 
use  as  a  main  studio  control  unit,  as  sub¬ 
studio  control  equipment,  for  auditorium 


THE  MODEL  30  CONSOLE  is  streamline-de¬ 
signed  for  real  showmanship  hy  one  of  Amer¬ 
ica's  leading  industrial  designers,  and  care¬ 
fully  engineered  to  combine  these  important 
features: 

•  FM  frequency  response 

•  5  complete  pre-amplifiers 

•  Dual  program  and  monitoring  amplifiers 
instantly  interchangeable 

•  All  circuits  controlled  by  keys  (no  push¬ 
buttons  employed) 

•  Illuminated  VU  meter 

•  Massive  modernistic  appearance 


THE  MODEL  51-CS  STVDIOETTE  is  a  junior 
size  of  the  Model  30,  substantially  lower  in 
price  and  ideally  suited  for  the  moderate-size 
station,  where  quality  control  equipment  with 
the  following  features  is  desired: 

•  FM  frequency  response 

•  High  gain  and  low  distortion 

•  Accommodates  5  microphones,  of  which  any 
3  may  be  mixed  simultaneously 

•  Has  6  remote  positions 

•  Complete  cueing,  monitoring  and  muting 
facilities 

•  Attractive  3  color  finish 


Wartime  restrictions  do  not  oiiew  the  soie  of  new  breodcostinq  equipment 
without  priority,  therefore,  this  equipment  is  presented  merely  to  acquaint 
you  with  Gates'  current  developments. 

Atk  About  Our  Priority  Plan  tor  Prompt  Delivery 
When  Gates  equipment  It  Again  Available. 


“^NUFactuierS  of  radio  broadcast  transmitters,  speech  equipment,  antenna  tuning  and  PHASER  UNITS, 
amplifiers,  remote  equipment,  broadcast  station  and  transmitter  accessories. 
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The 

draftsman 
who  jumped  to 
perfection 
hy  degrees ! 


Jim  used  to  start  with  a  2H — and  end  in  a  rage.  No 
uniformity — the  draftsman’s  nightmare. 

’’Look,  Jim,”  we  said,  "a  2H  is  aliuays  the  same  2H 
when  it’s  a  Typhonite  Eldorado.  Try  it!” 

So  Jim  discovered  uniform,  accurate  grading.  He  also 
discovered  density  and  clarity  of  line. 

And  the  result?  Jim’s  work  improved;  his  enthusiasm 
went  up;  his  temper  went  down!  .  .  .  Try  Eldorado 


yourself! 


TYPHONITE 


LDORADO 


PENCIL  SALES  DEPT.  59-}i,  JOSEPH  DIXON  CJRUCIBLE  COMPANY,  JERSEY  CITY  3,  N.  I. 


EXCEPTIONAL 


PERFORMANCE 


Yes,  Insuline  is  proud 
lo  announce  it.  For  today,  more  than 
ever,  our  Armed  Forces  are  urgently 
calling  for  greater  production  of  Radio- 
Electronic  Products. 


We  look  upon  our  2nd  Award  as  a  re¬ 
newed  challenge,  saying:  "Back  up 
OUT  lighting  men  .  .  .  Give  them  the 
material  strength  with  which  to  imple¬ 
ment  their  lighting  hearts!' 


We  shall  answer  this  call  with  new 


records  ol  exceptional  performance 
worthy  of  the  trust  placed  in  us  by  the 
Armed  Forces. 


i  INSULINE  BUILDING  -  LONG  ISLAND  CITY.  N.Y. 


Will  not  interfere  with  the  high- 
frequency  circuit.  Likewise,  the 
application  of  direct  voltages  to 
the  tube  electrodes  can  be  done 
through  the  cavity  walls,  the  skin 
effect  confining  the  r-f  field  more 
effectively  than  would  chokes  in  the 
feeder  leads. 

Although  the  use  of  parallel 
plane  electrodes  required  to  give 
uniform  transit  angle  throughout 
the  electron  stream  reduces  the  lo¬ 
cating  of  the  electrodes  to  a  single 
dimensional  problem  instead  of  a 
two-dimensional  problem,  as  it  is  in 
cylindrical  electrode  construction. 


'a! 


Heater  teod'i 


Basic  constructional  detoils  show  how 
the  electronic  elements  are  shaped  to 
be  a  part  of  the  electromagnofic  drcsil 


the  severe  requirements  for  exact 
parallelism  and  the  extremely  close  | 
spaciiig  of  the  electrodes  requires 
far  greater  machining  tolerances] 
than  heretofore.  Mechanical  con¬ 
struction  of  a  disk-seal  tube  is 
shown.  (The  complete  paper  ap¬ 
peared  in  Electronics  for  Febru¬ 
ary  1945.) 


Shielding  Dielectric 
Installations 

Increased  industrial  use  of  elw 
tronic  heating  requires  that  « 
high-frequency  generators  usw  . 
properly  shielded  to  prevent  in^’’ 
ference  with  other  radio 
In  a  paper  prepared  by  ■  ' 

Klingaman  and  G.  H.  Willianus 
RCA,  the  results  of  field  rneasu  • 
ments  made  on  a  typical 
heating  installation  were 

sented.  . 

The  applicator  electrode 
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That’s  why  our  installation  is  PRESTO 


Our  PRESTO  transcription  turntables  get  a  real 
wkout  here  at  WNEW,”  says  Martin  Block,  popular 
iwiouncer  and  director  of  the  Make-Believe  Ball¬ 
room  program,  “We  keep  them  running  almost  con- 
tauously  throughout  the  day.  And  they’re  giving 
^  same  fine,  clear  reproduction  today  that  they 
Vm  when  we  installed  them  years  ago.  As  an  an- 
that  means  a  lot  to  me.  It’s  a  nice  feeling 
^  loiow  that  my  transcribed  show  is  getting  out 
■iagood  voice!’” 


grni«^  WORID’S  lARGEST  MANUFACTURER 
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Of  instantaneous  sound 
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•ICORDING  EQUIPMENT 
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From  users  of  PRESTO  equipment  all  over  the  country? 
comes  the  same  story:  “It’s  rugged,  it’s  dependable,  it; 
stands  the  gaff!”  The  increased  use  of  transcribed^ 
material  in  wartime  broadcasting  has  placed  a  heavy 
burden  on  all  recording  and  playback  equipment. 
PRESTO  users — including  many  of  the  major  broad¬ 
casting  stations— have  found  that  their  equipment  is 
handling  the  job  with  ease.  That’s  because  PRESTO 
devices  are  products  of  integrity — built  to  do  more 
than  will  ever  be  expected  of  them. 

PRESTO 

RECORDINO  CORPORAYION 

242  West  55th  Street,  New  York  1 9,  N.  Y. 

Walter  P.  Downs  Ltd.,  in  Canada 


V fSual-A  lignment 

SIGNAL  GENERATOR 

The  alignment  and  adjustment  of  r-f  tuned  circuits  is  one  of 
the  many  jobs  this  instrument  can  do  in  conjunction  with  a 
cathode-ray  oscilloscope.  For  production  testing,  research  and 
development  on  AM  or  FM  intermediate  frequency  amplifiers, 
radio  frequency  amplifiers  and  various  wide  band  circuits. 
Other  instruments  in  the  G-E  line  of  laboratory  measuring 
equipment  include:  Regulated  Power  Supplies,  R-F  Capaci- 
tometer,  Square-Wave  Generator.  Write:  Electronics 
Department,  General  Electric,  Schenectady  5,  N.  Y. 
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STREET  NEW  YORK,  14,  N.  Y. 


worktable  were  set  up  about  12  f‘ 
from  the  generator  and  connected 
with  a  concentric  transmission  line. 
The  incoming  power  line  and  re- 
mote  control  station  wires  were  led 
through  metal  conduits.  The  usual 
safety  ground  was  connected  di¬ 
rectly  to  a  ground  pipe.  The  power 
input  to  the  generator  was  held 
constant  at  6  kw;  the  frequency 
was  9  Me. 

The  initial  field  strength  and 
field  strength  measurements  made 
after  the  application  of  .various 
types  of  shielding  are  given  in  the 
table  below.  Various  types  of 
shielding  both  of  the  applicator 


Field 

Wenafr 

M'lnctei 

converted 

Conditions  to  1  mile) 


As  insUllcd — no  lo«d  shielding  316 

Single  screen  cage  over  toad  1.3 

Generator  cabinet  shielded  0.12 

Double  saeen  cage  over  load  0.00' 

Double  saeen  door  on  cage  0.0036 

Slot  30-in.  with  8-in.  extension  0  04 


worktable  and  the  generator  tester 
were  applied  and  field  measure¬ 
ments  made.  The  results  of  cut- 
and-try  shielding  indicated  that 
all  holes  and  cracks  in  the  genera¬ 
tor  must  be  shielded.  Continu¬ 
ously  bonded  bronze  screening  e-v- 
tending  all  the  way  around  the  cab- 


Shieldinq  of  worktable  woi  moil  tflRc 
tlvo  uainq  this  double  wire  screen  eon 
nected  to  the  worktable  ground  pl®** 


inet  door  and  wire  screening  over 
meter  holes  and  ventilator  grill  were 
required.  A  filter  in  the  power 
line  placed  inside  the 
cabinet  was  necessary  and  the  * 
to  the  remote  control  station  were 
also  shielded. 

Of  several  methods  of  shie  lo 
the  worktable,  the  one  s  ^ 
proved  the  most  satisfactory, 
two  shields  consisted  of 
screening  fastened  to  a  w 

I4etd,  IMS -ELECTRONICS 


■for  TODAYor 
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frame.  The  screening  makes  con¬ 
tact  with  the  lower  or  ground-po¬ 
tential  applicator  electrode. 

An  opening  was  cut  in  the  work¬ 
table  screening  to  facilitate  plac¬ 
ing  the  load  between  the  applica¬ 
tor  plates.  A  simple  door  pro¬ 
vided  for  this  opening  was  used 
and  also  an  extension  around  the 
opening  so  that  the  opening  itself 
could  remain  free  for  continuous 
feeding  of  the  w'orktable. 


Miniature  Tubes 


Advances  in  vhf  receiving  tube 
design  were  described  by  R.  L. 
Kelly  in  a  paper  prepared  by  N. 
H.  Green  and  himself,  both  of 
RCA  Victor. 

The  1.4-volt  filament  tubes,  al¬ 
though  not  useful  at  vhf,  did  never¬ 
theless  demonstrate  the  utility  of 
small,  strong  tubes  for  portable 
equipment  such  as  is  now  in  de¬ 
mand  by  the  armed  forces.  Acorn 
tubes,  although  inconvenient  be¬ 
cause  of  their  peripheral  pins 
which  require  a  large-area  ring- 
type  mounting,  indicated  the  ad¬ 
vantages  to  be  attain'ed  at  vhf  by 
using  heater  type  tubes  with  small 
electrodes. 

The  9000  series  was  therefore 
developed  to  replace  acorn  tubes  by 
a  more  useful  mechanical  design 
but  of  identical  static  electrical 
properties.  Recently  additional 
tube  types  have  been  developed  in 
this  miniature  series  of  6.3-volt, 
150-ma,  heater-type  tubes. 

These  miniature  tubes  combine 
the  advantages  of  small  size,  ex¬ 
cellent  v-h-f  performance  and 
adequate  mechanical  strength  yet 
are  light  in  weight. 

Although  the  glass  envelope  is  so 
small  as  to  limit  heat  radiation, 
this  is  not  as  serious  as  had  been 
anticipated  and  is  offset  by  the 
short  leads  which  efficiently  con¬ 
duct  heat  to  the  pins  for  radia¬ 
tion.  The  all-glass  base  and  low- 
inductance  leads  account  for  the 
excellent  vhf  performance. 

Some  of  the  characteristics  of 
the  miniature  tubes  are  listed  be¬ 
low. 

6C4-a  vhf  triode  which  has  about 
one-third  the  interelectrode  capaci¬ 
ties  of  the  6J5,  gives  2.5  watts  at 
150  Me. 

6J6-a  twin-triode  of  parallel-plane 
electrode  construction  to  provide 
uniform  transit  time,  delivers  1.5 


'  You  can  count  on 
Wincharger  Anten¬ 
na  Towers.  They 
combine  strong  effi¬ 
cient  coverage  with 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
,  Wincharger  Anten- 
"  na  Towers  are  being 
used  for: 

Commercial  Broadcasting 
Police  Work 
Signal  Corps  Air  Lines 
Ordnance  Plants 

To  be  sure  for  years  ahead 
—be  sure  to  specify  Win- 
charger  Antenna  Towers. 


Whether  you  need  rugged,  stur¬ 
dy  dependability  for  today's 
battle  conditions — or  designing 
foresight  for  tomorrow's  sales 
markets  —  Winco  can  help  you 
with  special  rotary  Electrical 
Equipment.  Our  engineers  are 
at  your  service.  Consult  them 
when  you  have  a  iiroblem  in¬ 
volving — 

•  Built-ill  and  Shell  Type 
Motors 

•  Adjustable  Speed  Motors 

•  Synchronous  Motors 

•  Rotary  Electrical  Eqiip- 
ment  for  Avidtion 

•  Dynamotors  and  Inverters 

•  Motor  Generator  Sets 

•  Railroad  Car  Lightinj 
Generators 
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ASSIGNMENT 

SUCCESSFULLY 


9  alert  minds  interpreted  this  rectifier  cab¬ 
inet  for  on  electronic  heater  in  functional  sheet  metal  terms. 

Skilled,  experienced  fingers  translated  it  from  paper  plans 
to  reality. 

Complete  shop  facilities,  including  hundreds  of  stock  dies, 
made  possible  this  outstanding  result  at  competitive  prices. 

Planned  production  assured  prompt  deliveries. 


can  handle  your  problem  with  equal  suc- 
We  are  prepared  to  completely  design,  redesign,  or 
nuild  to  your  particular  requirements.  For  all  sheet  metal 
products,  consult  KARP  first. 
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S61  BROADWAY 
NEW  YORK  12.  N  Y. 

In  Canada:  Atlas  Radio  Corp.,  Ltd 
560  King  St.  W.,  Toronto 


watts  at  250  Me  as  a  push-puli 
oscillator  and  can  be  used  as  a 
push-push  mixer  or  local  oscillator 
up  to  600  Me  and  is  well  suited  for 
multivibrator  and  blocking  oscilla¬ 
tor  applications. 

6AG5-an  r-f  pentode  for  operation 
up  to  200  Me  and  is  recommended 
for  use  in  video  amplifiers.  It  has 
a  figure  of  merit  (figure  of  merit 
is  Pm/ (Cu  -j-  Cout))  of  2120;  for 
comparison,  the  figure  of  merit  of 
the  familiar  6AC7  is  only  470. 
6AL5-supplants  the  6H6  which, 
because  of  its  wide  cathode-anode 
spacing,  has  an  internal  drop  of  26 
volts  at  60  ma.  The  6AL5  has 
closer  cathode-anode  spacing  giv¬ 
ing  it  an  internal  drop  of  only  10 
volts  at  60  ma  and  a  resonant  fre¬ 
quency  of  700  Me.  The  high  perve- 
ance  of  the  6AL5  makes  it  useful 
in  broad-band  detectors. 
6J4-designed  for  use  as  a  grounded- 
grid  oscillator,  has  the  smallest  grid 
wires  wound  with  the  greatest 
turns  per  inch  of  any  tube  so  far 
built  commercially  and  therefore 
has  the  most  uniform  grid-plane 
potential.  Three  grid-pin  connec¬ 
tions  reduce  grid-to-ground  im¬ 
pedance.  Plate-to-cathode  capaci¬ 
tance  is  0.2  jut/if. 

6AQ-6-  a  triode  plus  a  duo-diode. 
6AK6-audio  power  amplifier  hav¬ 
ing  about  one  watt  output  with 
ten  percent  harmonic  distortion. 
2D21-miniature  edition  of  the 
2050  has  a  peak  inverse  potential 
rating  of  1300  volts.  Cathode-cur¬ 
rent  rate  of  rise  should  not  exceed 
100  amperes  per  microsecond,  and 
the  average  anode  current  over  a 
30-second  period  should  be  limited 
to  100  ma. 
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With  DI-ACRO  Benders 


DI-ACRO  Precision 
Bending  is  accurate  to 
.001'^  for  duplicated 
parts.  DI-ACRO  Benders 
bend  angle,  channel,  rod, 
tubing,  wire  moulding, 
strip  stock,  etc.  Machines 
are  easily  adjustable  for 
simple,  compound  and 
reverse  bends  of  varying 


DI-ACRO  B«nd«r 
No.  1 

Forming  radius  2' 
approx.  Capacity 
B  round  cold 
I  rolled  steel  bar  or 
I  equivalent. 


The  DI-ACRO  Bender  mm 
makes  perfectly  centered 
eyes  from  rod  or  strip  stock 
at  high  hourly  production  ^ 

rates.  Both  eyes  and  cen-  ' 

tering  bend  are  formed 
with  one  operation.  Any  size  eye 
may  be  formed  within  capacity  of 
bender  and  ductile  limits  of  ma¬ 
terial. 


DI-ACRO 
Bandar  No.  2 

Forming  radius 
6'  approx.  Capa- 
city  round 
cold  rolled  steel 
bar,  formed  cold 
to  1'  radius.  Also 
Bender  No.  3, 
with  forming  ra¬ 
dius  9'  approx. 
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Sand  for  CATALOG 

“D1 E-LESS”  DU  PLICAT- 
ING  showing  many  Itinds 
of  “dielcss”  duplicating 
produced  with  DI-ARCO 
Benders,  Brakes  and  Shears. 


DI-ACRO  Is  PronoaBcad  "DIE-ACK  RO' 


AVENUE  SOUTH  •  MINNEAPOLIS  15,  MINN. 


Ofhor  important  foatures  include:-^ 

1.  Compensated  for  ambient  temperature 
changes  from  —40’’  to  nO°F. 

2.  Contact  ratings  up  to  115V-10a  AC. 

3.  Hermetically  sealed  —  not  affected  by  al¬ 
titude,  moisture  or  other  climate  changes  .  .  . 
Explosion-proof. 

4.  Octal  radio  base  for  easy  replacement. 
ir-S.  Compact,  light,  rugged,  inexpensive. 

#6.  Circuits  available:  SPST  Normally  Open; 
^SPST  Normally  Closed. 

YOUR  PROBLEM?  Send  for  "Spe- 
Problem  Sheet"  and  Deseriptive 


Is  Industrial  Technique  DiS^rent! 

That  industrial  electronics  dif¬ 
fers  from  communication  work, 
pecially  in  the  emphasis  on  costs 
and  the  type  of  personnel  available 
for  operation  and  routine  servicing, 
was  pointed  out  in  a  paper  by  W.  D. 
Cockrell  of  General  Electric. 

Because  of  the  emphasis  on  re¬ 
liability  in  radio,  the  operating 
personnel  as  well  as  the  station  it 
self  must  meet  minimum  standar  s 
and  be  licensed.  Furthermore,  i 
has  been  found  necessary  to  hn^® 
an  operator  on  duty  at  all  times 
when  the  station  is  operating. 

'  On  the  other  hand,  industris^^ 
pl<»pfronic  eouinment  must 
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Laboratory  tests  measure  a  distortion  freedom  of  less  than 

when  a  400-cycle  note  is  recorded  .  .  .  with  a  Fairchild 
No.  54 1  Magnetic  Cutterhead  ...  at  a  level  of  -j-  18db 
(reference  .006  watts)  to  produce  a  stylus  velocity  of  2.5 
whes  per  second. 

Exceptional  design  and  precision  skill  has  produced  a 
^gnetic  cutterhead  that  successfully  damps  the  moving 
■innature  —  through  the  use  of  unusually  long  cusldon  blocks 
^4  a  positive  means  of  adjusting  and  maintaining  the 
^mature  in  correct  balance. 

’The  result  is  the  long  sought  correct  bass  response  that 
remains  free  from  distortion  while  producing  the  finest 
possible  full,  volume  recordings  up  to  8,000  cycles. 

^Vn  mounted  in  a  Fairchild  adapter,  the  No.  541  Mag¬ 


netic  Cutterhead  also  provides  a  sapphire  advance  ball  on  a 
.swivel  mount  that  permits  instant  change  from  “in-out”  to 
“out-in”  cut  direction  ...  a  micrometer-threaded  screw  control 
of  cut  depth  .  .  .  and  an  easily  accessible  screw  adjustment 
of  the  cutting  stylus  angle. 

Standard  with  the  No.  539  Fairchild  Recorder,  the  out¬ 
standing  performance  and  operating  qualities  of  the  No.  54 1 
Magnetic  Cutterhead  are  now  available  to  all  owners  of 
earlier  Fairchild  portable  mtxlels  and.  many  other  types 
of  recorders. 

Descriptive  and  priority  data  are  available.  Address  Neuf 
York  Office:  475  -  10th  Avenue,  New  York  18;  Plant:  88-06 
Van  Wyck  Boulevard,  Jamaica  1,  N.  Y. 


SO  VND 
feQVlPM 


}io,  541  Magnetic 
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Distortion . . .  ^ 


Portable  Recorder 
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Oonsider  your  Pilot  Light  prob¬ 
lem  solved!  The  extensive  Diolco 
line  covers  every_  conceivable 
application  —  Aircraft,  Marine, 
Electrical,  Electronic,  Radio,  and 
Industrial.  We  are  geared  to 
supply  COMPLETE  ASSEMBLIES, 
housing  required  G.E.  or  West- 
inghouse  Lamps.  Special  empha¬ 
sis  on  NtON  applications.  Send 
data  for  estimates,  suggestions, 
and  samples. 


Write  for 
CATALOG 


built  that  it  can  be  installed  by  the 
average  electrician  as  easily  as  a 
typical  motor  or  magnetic  control 
panel.  It  must  usually  be  so  de¬ 
signed  that  it  can  operate  .satisfac¬ 
torily  in  whatever  factory  atmos¬ 
phere  it  must  be  used. 

The  typical  manufacturing  sys¬ 
tem  utilizes  two  types  of  personnel 
on  machines.  The  highly  skilled 
set-up  man  “sets  up”  or  adjusts  the 
machines  to  perform  the  desired 
function  so  that  the  unskilled  or 
semi-skilled  machine  operator  may 
perform  the  simple  operation  neces¬ 
sary  for  each  cycle  of  operation. 

Since  the  average  operator  at  the 
machine  generally  knows  little 
or  nothing  about  the  operation 
of  the  electronic  equipment,  the 
equipment  must  be  so  designed 
that  no  incorrect  operation  on 
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lelephone:  Algonquin  4-5180-1-2-3 


FIXED  MICA  DIELECTRIC  CAPACITORS 

JRR-C  SPECIFICATIONS  are  called  for  on  new  Gov¬ 
ernment  contracts.  MICAMOLD  is  supplying, in  production 
quantities,  the  many  required  types  in  conformance  with 
JAN  C-5  specification. 

Mto—w*  ca*  supply  yen  wifk:  fixod  Pop*f  DMmctrIc  I  nos* 
■•faille  cases  I ;  fixatf  Papar  DM«ctrlc  (A«rM«flcally  s*al«rf 
If.  ««s«sl;  Dry  Elacfralyfle  Palarlnd;  Ceramic 

Olelecfrfe  flierf  ffemperafere  compeesafleg) 

CONFORMING  RIGIDLY  TO  JAN  SPECIFICATIONS 


Maintenance  oi  the  multitude  oi  elec- 
tranic  tubes  and  circuits  at  Radio  City 
Music  Hall.  New  Yark,  cannat  be  done 
by  the  average  theater  electrician 


the  operator’s  part  can  damage 
it  and  it  must  also  contain  safety 
devices  so  that  the  operator  cannot 
be  harmed.  Other  devices  such  as 
photoelectric  door  openers  or  smoke 
detectors  or  precipitators  must  op¬ 
erate  for  weeks  or  months  at  a  time 
without  any  supervision. 

Servicing  is  perhaps  the  most 
difficult  problem  which  we  face  t^ 
day  in  the  acceptance  of  electronic 
control.  There  are,  of  course,  ^ 
licensed  operators  who  have  pass 
an  examination  in  the  theory  o 
their  equipment.  There  is 
anyone  in  the  plant  from  the  c  le 
electrician  or  plant  engineer  on 
down  who  had  studied  any  eec 
tronic  theory  or  knew 
about  electronics  beyond  twis  i 

March  ELECTRONICS 


T«Q$on  our  hondwM  \\as  been  mode 
pQfbcu\oT\y  oMrocbve. 


The  nearer  \be  \op  you  ore  Vbe  more 
YOu’W  see  m  \b\s  ur\usua\  opporhimty. 

Here’s  a  Vme  o\  borne  rodios  tborou^bW  '-®«  o\ms  \o  ovo;d  \be  p«s  ^ 
postwar -vrbb  no  prewor  entanQ\e-  P^evror  rodio 
ments  o^  \eHover  \deas  or  equipment.  ° 

Tbev’re  bu\\t  by  tbe  cornponv  whose  w\\\be  suprort«<i'>'/‘«^^^ 

name  »  o  bY>«o,d  in  ov^on  ro*o-  end 

Q  touqb  and  exoctmq  ne\d. 

•eu  V/ebove  purposeW 

These  instruments  ore  designed  with  on  ^\^o\eso\e  distributor  honchisetobe  one 
eye  ond  eor  on  o\\  the  advances  mode  odvontogeous  deo\ership 

in  radio  during  the  war.  And  thejr  ^opportunities  in  hie  industry. «  you  ore 
constiarfon  ho»  ihe  pteanon  yov.  i  ^  v<«  ^  »« 

enpert  hom  Won*  iho.  lo*.on  ancoh  W. 

.  ^0t.bWoS»..O>itoaoii,«"K>»- 

Sett  like  these  Winotttotirt'ecteomo 


type 

SERIAL 


•;gp|  amps-M 

-JS  M  AMPS.  ■■ 

AL  control  -C 
Cambridge,  mass^ 
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the  dial  of  his  home  radio  until  a 
year  or  so  ago. 

Division  of  industrial  electronic 
equipment  into  four  classes  was 
made  by  Mr.  Cockrell.  In  the  first 
classification,  he  included  inter¬ 
phone  systems,  public  address  sys¬ 
tems,  and  carrier  current  opera¬ 
tion,  both  for  communication  and 
for  relaying. 

Another  class  of  industrial  elec¬ 
tronic  equipment  comprises  indus¬ 
trial  amplifiers  and  oscillator  units 
in  which  the  frequencies  involved 
are  within  the  ranges  with  which 
the  radio  man  has  worked  previ¬ 
ously  and  the  precautions  to  be  ob¬ 
served  are  typical. 

However,  included  with  the  fa¬ 
miliar  circuits  will  be  found  some 
new  and  unfamiliar  circuits  which 
must  be  studied  carefully  both  for 
themselves  and  for  the  unusual  ef- 


Model  MC 

FOOT 

SWITCH 


PRECISION  PARTS 


STAMPING  OUT 
FUTURE  MIRACLES 


Patent  No.  228 1 808 


TIh'M!  little,  multi-holed,  stamping  assem¬ 
blies  are  a  part  of  important  electronic 
equipment.  Today,  they  ride  in  great 
liombers  on  a  mission  of  death.  Tomorrow, 
this  same  equipment  in  one  form  or  another, 
will  have  an  imixirtant  part  in  the  miracles 
of  post-war  living. 

The  whole  job,  right  from  the  part  print, 
was  handled  by  Ace.  Ace  designed  the 
tools,  and  built  tUcm  in  their  modem  tool 
and  die  shop.  A«-e  presses  stamped  them 
out  accurately  and  quickly. 

.\ce  offers  oth(‘r  manufacturers  this  same 
blueprint-to-finished-parts  service.  If  you 
are  thinking  of  small  parts  or  as.semblies 
'■ailing  for  stamping,  machining,  heat- 
treating,  or  grinding,  you’ll  find  Ace  offers 
the  modern  ingenuity  and  carefully  con¬ 
trolled  production  that  result  in  highly 
accurate  work,  deliv«!red  when  promised. 
Send  sketch,  blueprint,  or  sample  for 
quotation. 


PRESS- 

ANYWHERE 


FOR  FOOT.  KNEE. 

HAND  OR  ELBOW  OPERATION 

If  you  want  switching  varsatility,  tha  Modtl 
MC  has  it!  This  switch  can  ba  mountad  in  » 
many  positions,  and  is  so  aasily  actuated,  Ih 
applications  are  almost  unlimited.  The  pet 
ented  "press-anywhere"  top  means  that  it  cen 
be  actuated  by  pressure  in  the  center  or  any¬ 
where  along  the  edge — four  pounds  pressure 


Typical  of  tha  small  control  devicaa 
mentioned  is  this  general-purpose  pho¬ 
toelectric  relay 


fects  which  they  may  create  in  the 
more  familiar  circuits.  In  this  field, 
the  radio  engineer  who  has  kept  up 
to  date  with  the  circuits  used  in 
television  and  radar  will  find  him¬ 
self  much  better  prepared  than  his 
less  wide-awake  friend.  Engineers 
who  understand  the  operation  of 
clipping,  discriminating,  scanning 
and  pulsing  circuits  will  find  them¬ 
selves  much  more  at  home  in  this 
class  of  equipment.  In  this  class,  he 
included  such  things  as  oscillators 
for  high-frequency  induction  and 
dielectric  heating,  elevator  leveling 
equipment,  diathermy  equipment, 
metal  detection,  etc.;  amplifiers 
used  for  spectrophotometers,  bio¬ 
logical  experiments,  frequency  and 
time  standards,  sound  meters,  etc. 

Further  removed  from  communi- 


Write  for  illuttrated  catalei  and 
handbook  No.  441  which  •l«M 
complete  details  and  epeelflcatloni 
on  the  General  Control  Company's 
line  of  foot  switches. 


Send  for  this  Ace  booklet  and  keep  it 
in  your  post-war  planning  file. 


ACE  MANUFACTURING  CORPORATION 
for  Precision  Parts 


GENERAL 


CONTROL  COMPANY 

1202  Soldiers'  Field  Rd..  Boitoa  34,  Mo**- 

•  Uesreh  f9«- ELECTRONICS 


for  quick  visual  indication 

o,  0.  «.on  O,o«  .... 


•  The  unique  characteristics  of  General 
Electric  Neon  Glow  Lamps  recommend 
them  for  a  variety  of  uses  in  radios  and 
electronic  devices  ...  as  indicators,  volt- 
age  regulators,  pilot  lights  and  test  lamps. 

The  uses  described  at  right  are  typical.  If 
you  think  G-E  Neon  Glow  Lamps  can  be 
useful  to  you,  write  or  phone  the  address 
below.  Experienced  General  Electric  Lamp 
Engineers  will  be  glad  to  discuss  your 
problems  with  you. 


CONSIDER  THESE  ADVANTAGES 

1.  Distinctive  orange-red  glow — no  colored  cover 
gloss  needed. 

2.  Dependable  performance  and  long  life — 
rat^  at  3,000  hours. 

3.  Very  low  current  consumption — less  than 
milliampere  for  smallest  lamp. 

4.  Variety  of  sizes  and  wattages. 

5.  High  resistance  to  vibration,  shock. 

6.  Normally  usable  on  a-c  or  d-c. 

7.  Screw  base  lamps  for  105-125  v.  circuits; 
similar  lamps  with  bayonet  bases  available 
without  resistors. 

B.  Produce  practically  no  heat. 

9.  Nearly  flat  volt-ampere  characteristics. 

10. Insensitive  to  voltage  variations  above 
critical  value. 


NE-48  (also  NE>16).  Indicator 

lamps.  Special  volt>ampere 


One  of  the  most  widely  used 
^  indicator  and  test  lamps — 


characteristics  of  these  lamps  indi¬ 
cate  use  as  voltaite  regulators.  Screw- 
base  lamp  available  as  NE-4).* 

♦  Ai’iC— /fc  fnr  Ufft .  Soertai  fmnrking  JCG-Pfft  9Uf>pii€d  for 


popular  because  of  compactness  and 
small  size.  Nominal  w-atcaite  is  only 
1/25  watt.  This  lamp  is  uobased— 
has  wire  terminals. 


I  *rtT(»  ihnrg*. 


Ur_  Cl  For  iteneral  indication,  such 
as  showing  existence  of  po¬ 
tential  across  various  parts  of  elec¬ 
trical  circuits. 


Indicator  and  pilot  light 
If  lamp  that  flashes  to  show 
condition  of  B-battery  in  portable 
radios.  Frequency  of  flashes  decreases 
as  battery  runs  down. 


ORDER  NO. 

NE-2 

1  1 

NE-51  1 

__  _  J 

NE-17  j 

NE-48 

NE-16 

NE-45 

NE-30  1 

1 

NE-32 

NE-34 

NE-36 

: - 1 

NE-40  ! 

NE-42 

Wstts,  Nominal 

'/li 

(•D 

'/4 

'/4 

'/4 

1 

1  1 

2 

2 

3  1 

'  1 

3 

Volts  (Circuit) 

105-125 

105-125 

'D  1 

105-125 

105-125 

105-125 

105-125 

105-125 

105-125 

105-125 

105-125 

1  105-125 

Starting  j  AC 

65 

65 

65 

_ 

65 

60 

1  60 

60 

60- 

60 

1  60 

Voltage  0  1  DC 

90 

90 

j 

90 

® 

90 

85 

85 

85 

85 

85 

85 

Base 

Unbased 

(Wire 

Terminals) 

S.  C. 

D.C. 

D.  C. 

D.  C. 

Cand. 

Medium 

D.C. 

Medium 

Sk.  D.  C. 

Medium 

Sk.D.  C. 

Bay.  Min. 

Bay.  Cand. 

Bay.  Cand. 

Bay.  Cand. 

Screw 

1  Screw 

Bay.  Cand. 

Screw 

Bay.  Cand. 

Screw 

Bay.  Cand. 

Mftiimuni  Over-  i 
III  Length 

ri) 

114' 

1*4' 

1V4* 

I'A' 

m* 

IH' 

2Vi4* 

2* 

3’4' 

3y4' 

3*4' 

aVa'  ‘ 

last  Price 
(llwtax) 

$.08 

_ i 

$.10 

i _ 1 

$.45 

$J5 

$.42 

$.40 

$.40 

$.45 

$.50 

$.55 

$.60 

$.65 

5/  Aaplics  to  lamp  when  new. 

®  Glass  part;  wire  terminals  extend  additional  ’VW". 
Designed  for  DC  flashing  operation  In  RC  cirtuH. 


'•)  Meets  I  AN-1  A  specifications  for  991.  Special  marking  JCG-991  supplied  at  small  extra  charge. 
^  Designed  for  67-87  Volts  D.C.  (D.C.  operating  voltage  at  1.5  milliamperes,  53-65  volts). 


^fONlCS 


For  Jurther  injormation,  write  address  below  jor  Bulletin  7100. 

NELA  SPECIALTY  DIVISION  LAMP  DEPARTMENT 

GENERAL  ^  ELECTRIC 

1  'Newark  Street,  Hoboken,  N.  J. 


—  More A  7945 


J45 
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cation  electronics  is  the  class  of 
industrial  electronic  equipment  con- 
sisting  mostly  of  the  small  control 
devices  such  as  photoelectric  relays, 
timers,  and  contact  amplifiers  em¬ 
ploying  only  one  or  two  tubes. 
These  devices  usually  operate  from 
raw  a-c  on  the  tube  plate  or  anode 
and,  although  the  devices  are  sim¬ 
ple,  they  require  a  new  concept  on 
the  part  of  the  engineer,  who 
must  think  in  terms  of  a  sin^ 
cycle  rather  than  in  wave  trains. 

Control  of  grid-controlled  gas- 
filled  tubes  by  shifting  the  phase 
of  the  grid  brings  to  light  a  whole 
host  of  grid-shifting 


circuits, 

Again,  amplifiers  which  must  re¬ 
spond  to  zero  frequency  or  d-c  bring 
a  whole  new  set  of  problems. 

Regulating  circuits  in  which 
hunting  of  motors  may  occur,  re¬ 
quire  new  concepts  of  oscillation 
in  which  mechanical  devices  form 
a  part  of  the  oscillating  circuit. 

In  another  class  of  industrial 
electronic  equipment  we  become  al¬ 
most  completely 


quality  control — fatter  production — tpeedier  dolivery 
of  wido  rongo  audio  trantformort  using  high  permeability 
nickel  allay  laminations  and  shields.  That's  what  the  new  25 
KW  electric  annealing  furnace  now  in  operation  at  Peerless 
means  to  you.  The  plant  includes  complete  hydrogen  gos  dry¬ 
ing  and  purifying  equipment.  An  important  contribution  to 
today's  war  production  and  of  great  benefit  to  post-wor  radio 
manufacturers  of  FM,  television  and  geophysical  equipment. 


divorced  from 
radio  theory  and  practice.  This  is 
large  power-conversion  equipment 
such  as  the  ignitron  and  tank-type 
rectifiers,  in- 


Write  today  for  new 
tronsformer  catalog. 


mercury-arc  power 
verters,  and  frequency  changers. 
The  fundamental  theory  of  opera¬ 
tion  of  these  devices  is  usually 
simple  but,  because  of  the  sizes  of 
these  equipments  and  the  amount 
of  power  involved,  great  emphasis 
must  be  placed  on  such  things  as 
maximum  tube  capacity,  efficiency 
of  operation,  long  life  and  relia¬ 
bility  with  minimum  maintenance 
and  the  effect  of  harmonics. 

A  very  important  consideration 
also  is  the  proper  circuit  breaker 
protection  for  the  rectifier,  the 
transformer,  and  the  a-c  and  d-c 
connected  equipment.  Since  a  powe'’  I 
rectifier  capable  of  supplying 
amperes  at  600  volts  d-c  is  a  faWy 
of  equipment  it  ®a.' 


mNEW! 

The  ULTIMATE  in 

SOLDERLESS 

CONNECTING  DEVICES 


When  the  Bee  not  is  screwed 
down  all  the  way,  its  built- 
in  clamp  locks  a  wire  to  a 
wire.  No  danger  of  loose 
stronds.  Assures  a  vibra- 
/K  tion-proof,  low 

resistance  con- 
Ip.Tl'xjSSS  I  nection. 


'.nMm 

sAvm 


SPACE- 

sAmc 


common  piece 
be  seen  that  the  power  involveo  ^ 
a  short  circuit  fault  on  the  ■< 
system  or  failure  of  a  tube  to  rec 
tify  can  become  tremendous. 

Since  design  and  installation  o 
this  type  of  equipment  would  ^ 
to  be  more  in  the  field  of  the  elw 
cal  power  engineer  than  that  o 
radio  or  control  engineer, 
gested  that  the  radio  . 

ested  in  this  type  of 
would  do  best  to  obtain  his 
ing  through  central  station 
power  utility  sources. 

,Ms-eLicrtoi»e 


Simply  lay  stripped  / 
ends  af  two  or  more  / 
wires  into  slot.  The 
Bee  not  will  clamp  them  ^ 
together  permanently  or  un¬ 
til  you  want  them  apart.  No 
lugs,  lock  nuts  or  lock  washers 
required.  No  soldering,  crimp¬ 
ing,  pressing  or  insulating. 


Write  ^ 
for  SAMPLES 
and  data 


INDUSTRIAL  &  COMMERCIAL  ELECTRONICS 

BELMONT,  CALIFORNIA 


I.  C.  E. 

VC -100  VACUUM 
CONDENSOR 


quired  by  electronic  equipment  you  are 
now  designing.  Write  Engineering  Depart¬ 
ment  today. 


March  1945 


Part  of  the  crowd  of  1250  who  attended  thft  annual  banquet  of  IRE.  Seated  at  the  speakers'  table  from  left  to  right  ore: 
Boiiey,  R.  A.  HeUing,  C.  A.  Powel,  G.  P.  Adair.  Capt.  E.  M.  Webster.  Col.  V.  B.  Bagnall.  W.  W.  Honsen.  H.  M.  Turner.  F. 
de  Wolf.  H.  B.  Richmond.  W.  L.  ETeritt,  H.  H.  Beverage.  O.  H.  Caldwell.  Copt.  A.  H.  Addonu.  R.  A.  Hockbush.  E.  F.,W. 

anderson.  G.  W.  Bailey.  G.  B.  Hoadley.  and  J.  E.  Shepherd 

!48  March  1945  —  ELECTRONIC^ 


NEWS  OF  THE  INDUSTRY 

Inventions  wanted;  national  and  regional  meetings; 
Central  America’s  market  possibilities ;  new  OWI  trans¬ 
mitters;  industrial  tube  potentialities;  meetings  ahead; 
Washington  News  on  licenses,  manpower,  network 
recordings,  production,  and  standardization 

Radio  and  Electrical  Engineers  Hold  Technical  Meetings 


A  FEW  MORE  THAN  three  thousand 
members  of  IRE  crowded  the  halls 
of  New  York’s  Commodore  Hotel 
for  the  thirty-third  annual  Winter 
Technical  Meeting.  Last  year’s  at¬ 
tendance  was  about  1900.  At  the 
opening  morning  session,  incoming 
president  Everitt  spoke  of  the 
things  to  come  for  the  Institute. 

He  acknowledged  the  need  for 
wider  geographical  representation 
on  the  board  and  for  greater  auton¬ 
omy  in  the  local  sections  but  put 
the  winning  of  the  war,  as  it  should 
be,  first.  Other  policies  which  will 
be  prosecuted  throughout  the  com¬ 
ing  year  involve  the  establishment 
of  a  professional  staff  including  a 


technical  secretary  and  a  technical 
editor. 

Fearing  no  shrinkage  in  mem¬ 
bership  after  the  war,  he  exhorted 
the  members  to  take  over  the  field 
of  electronics  to  which,  by  conquest, 
they  are  entitled.  He  suggested 
that  this  might  eventually  involve 
changing  the  name  of  the  organiza¬ 
tion — a  move  requiring  careful 
thought.  As  for  the  problems  of 
headquarters  space,  they  are  to  be 
solved  by  new  facilities  which  will 
grow  out  of  a  building  fund  to  be 
handled  by  a  committee  headed  by 
B.  E.  Shackleford  and  I.  S.  Cogge- 
shall.  The  objective  is  to  be  pre¬ 
pared  for  participation  in  a  com¬ 


bined  engineering  building  or  a 
separate  one  as  seems  most  ad¬ 
vantageous  later  on. 

Other  business  of  the  Institute 
took  place  at  the  jammed  banquet 
where  the  Medal  of  Honor,  the  Mor¬ 
ris  Liebmann  Memorial  Prize,  and 
twelve  honorary  fellowships  were 
awarded  as  reported  in  Electron¬ 
ics  for  February.  Other  features 
included  participation  by  exhibitors 
to  the  extent  of  60  or  more  and  42 
technical  papers.  (See  The  Elec¬ 
tron  Art,  this  issue.) 

On  the  evening  before  the  start 
of  the  technical  sessions,  IRE  and 
AIEE  jointly  presented  Capt.  Jen¬ 
nings  B.  Dow,  USN,  director  of 
the  electronics  division  of  the  Bu¬ 
reau  of  Ships  (recently  retitled 
from  the  radio  division)  as  the 
featured  speaker  of  the  Edison 
Medal  presentation  to  Dr.  E.  F.  W. 
Alexanderson. 

Dr.  Alexanderson,  himself  fa¬ 
mous  for  amplifiers  and  other  elec¬ 
tronic  developments,  suggested  in 
his  acceptance  that  the  world 
should  exchange  the  blue  glasses  of 
the  economist  for  the  rosy  ones  of 
the  inventor  after  the  war  and  that 
electronic  engineers  w’orking  in  the 
spirit  of  Edison  might  be  looked  to 


SIGNAL  GENERATORS 


fRICtUlNpif^QE 


EASY 


CALIBRATION  of 


megacycles  of  receivers  cmd  wavemeters  of  a  fraction 


C>  ACCURATE 


NOW  you  can  obtain  precision  calibration  up  to  and  beyond 


'*^«ONICS 

194S 


OSClUAfoilS 


RECEIVERS 


of  the  time  previously  required.  Also,  by  meons  of  a  Beat 
l^tector  built  into  the  instrument  you  can  calibrate  oscillators 
ond  .  signal  generators  with  equol  ease.  Output  voltages  in 
multiples  of  10  or  40  megacycles  ore  provided  with  crystal’ 
controlled  accuracy.  It  not  only  selects  10  or  40  megacycle 
sories  by  means  of  a  front  panel  switch,  but  identifies  any 
ONE  of  these  harmonics  by  means  of  a  Frequency  Identifier*, 
(supplied  separately)  providing  high  attenuation  of  all  volt- 
0908  except  that  of  the  frequency  to  be  identified. 


b  wiitinq  lor  hill  details,  pleas*  specifr  die  irequencr  oi  Identifier  wanted. 


Soecialisfs  in  The  Development  of  UHF  Equipment 

and  in  The  .*/i  r;  of  UHt  AnterujO 


MORGANVILLE,  N.  J. 


RADIO  ENGINEERS  AND  MANUFACTURERS 
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^inaudagraph  {Speakers,  |nc. 

3911  S.  Michigan  Ave.,  Chicago 
Export  Div.,  13  I.  40th  St.,  New  York  16,  N.  Y. 

f-A'h  in  a//  l/i4> 


You've  Heard  A  Lot  About 


to  revitalize  the  electrical  indu.stry 
by  starting  new  enterprises. 

Captain  Dow  spoke  about  the 
Navy  electronics  program  and 
pointed  out  that  the  expenditure 
for  research  and  development  in 
1945  is  approximately  $80  million 
as  contrasted  with  roughly  $3,800,- 
000  before  1942,  drawing  the  ob- 


Why  Not  Know  A 
Little  More  About 


STAR 

PORCELAIN? 


There  are  many  kinds  of  STAR 
PORCELAIN  for  special  uses. 
They  are  used  extensively  in  ap¬ 
plications  calling  for  resistance  to 
electricity,  heat,  moisture,  chemicals 
or  weathering  agents.  There  are 
more  than  a  score  of  formulas  in 
actual  production  in  our  factory  at 
one  time. 

"A  Brief  Survey  of  Technical  Char¬ 
acteristics  of  Molded  Ceramic  Prod¬ 
ucts"  is  yours  for  the  asking. 


H.  M.  Turner.  C.  A.  Powel,  E.  F.  W. 
Alexanderson,  R.  C.  Muir,  Capt.  J.  B. 
Dow,  and  Karl  T.  Compton  pose  on  the 
occasion  of  the  joint  IRE-AIEE  session 
at  which  Dr.  Alexanderson  was  pre¬ 
sented  with  the  Edison  Medal 


PORCE 


lOMPAMT 


vious  conclusion  that  our  peacetime 
program  has  let  war  catch  us  with 
our  guard  down.  He  sugge.sted  a 
postwar  minimum  of  $25  million  a 
year. 

He  continued  with  a  .statement 
to  the  effect  that  the  outcome  of 
the  war  is  largely  contingent  upon 
the  relative  electronic  standinjfs  of 
the  various  belligerents.  In  scope, 
he  showed  that  electronic  equip¬ 
ment  for  the  Navy  ha.s  e.xp^inded 
from  the  end  of  1941,  when  there 
were  2082  vessels  and  landing  craft 
(in  which  were  installed  at  least 
one  transmitter  and  two  receivers) 
to  1944  when  there  were  37,981  such 
vessels.  In  a  large  carrier  there  are 
101  complete  pieces  of  equipment. 
A  battleship  has  78,  a  small  motor- 
torpedo  boat  7,  and  some  of  the 
smaller  landing  craft  as  many  as 
13.  For  the  38,000  vessels,  the  total 
number  of  pieces  of  equipment 
comes  to  about  300,000,  In  dollar 
value,  the  Naval  aircraft  electron¬ 
ics  program  is  almost  identical. 
The  year  1944  saw  delivery  of  more 
than  $1,300,000,000  worth  of  radio, 
radar,  and  sonar  apparatus  in  ad¬ 
dition  to  a  large  amount  purchase 
directly  from  the  Army. 

Another  subject  touched  upon  bj 
the  Captain  was  the  matter  o 
radar  patents  and  the  official 
tion  of  the  Navy  with  regard  » 
their  disposition  and  handm?  i 
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Cinaiidiigrapli  .Spoakors  arc  made 
to  take  tfic  tough  rap.s.  This  is  the 
built-in  result  of  better  inanufae- 
turing  experience.  Look  at  the 
record  of  achievcinent  and  you’ll 
put  Cinaudagraph  .Speakers  at  the 
top  of  your  list. 

Watch  Cinaudagraph 
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As  basic  mechanical  elements  for  power  transmission  and  for  remote  control,  S.  S. 
White  flexible  shafts  advantageously  serve  the  following  purposes  in  electronic 
equipment: 


POWER  TRANSMISSION 


REMOTE  CONTROL 


•  As  a  drive  from  small  motors  to  operating  mecha¬ 
nisms  over  short  or  long  distances. 

•  For  'coupling"  power  driven  elements  inside  a  piece 
of  equipment. 

•  For  mechanical  power  drive  from  one  piece  of 
equipment  to  another. 

•  For  power  take-off  from  any  power  source  for  driv¬ 
ing  auxiliaries. 


•  For  connecting  control  knobs  and  dials  to  adjustable 
elements  and  for  "coupling"  such  elements  inside  a 
piece  of  equipment. 

•  For  remote  control  of  elements  requiring  rotary  or 
"push-pull"  manipulation  from  more  or  less  remote 
points. 

•  For  indicating  the  position  of  a  moving  part  located 
where  it  can't  be  seen. 


BASIC  ADVANTAGES 

of  S.  S.  White  Flexible  Shafts  for  these  jobs 


#  Flexible  shafts  make  possible  improved  designs  be¬ 
cause  they  give  you  a  free  hand  in  placing  driving 
and  driven  or  controlled  elements  wherever  they 
should  be  for  best  efficiency,  easy  assembly,  space 
saving,  convenient  operation  and  servicing. 


256.PAGE  FLEXIBILE  SHAFT  HANDBOOK  FREE 
TO  ENGINEERS— Gives  complete  information  and 
data  about  flexible  shafts  and  how  to  select  and  apply 
them.  A  free  copy  will  be  sent  to  any  engineer  who 
writes  for  it  direct  to  us  on  his  business  letterhead  and 
indicates  his  position. 


DIVISION 

DEPT.  I.  10  fAST  40th  ST.,  NEW  YOtK  14,  N.  Y. 

IBLE  SHAFTS  AIRCRAFT  ACCESSORIES 

MOLDED  PLASTICS 
MOLDED  RESISTORS  FLEXIBLE  SHAFT  TOOLS 


THE  S.  S.  WMTE  DENTAL  MFG.  CO. 
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SUN  RADIO 
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212  Fulton  Street,  New  York  7,  N.  Y. 


postwar.  Because  radar  patents 
will  be  widely  held  in  industry,  by 
foreign  interests,  among  individ¬ 
uals,  and  by  Government,  the  pro¬ 
gram  he  outlined  is  looked  to  as  a 
means  of  avoiding  a  situation  where 
contractors  will  be  unable  to  supply 
the  best  designs  because  of  ad¬ 
versely-held  patents,  where  exces¬ 
sive  costs  will  result  from  pyramid¬ 
ing  of  royalties,  or  where  a  great 
amount  of  litigation  will  follow  the  1 
issuance  of  patents.  Essentially, 
the  scheme  involves  a  patent  pool. 
He  foresaw  an  average  yearly  radar 
business  of  $75  million. 

Awards  were  made  of  the  Alfred 
Noble  prize  to  W.  R.  Wilson,  GE, 
Pittsfield,  for  a  paper  on  corona  in 
aircraft  at  altitude  and  of  the  36th 
honorary  membership  since  1884  to 
Dr.  Dugald  C.  Jackson,  professor 
emeritus  of  electrical  engineering 
at  MIT.  During  a  joint  Eta  Kappa 
Nu-Tau  Beta  Pi  dinner,  V.  Kara- 
petoff,  professor  emeritus  of  Cor¬ 
nell  University,  spoke  on  concepts 
!  of  relativity.  Registration  at  the 
I  AIEE  meeting  ran  over  1700,  a 
;  figure  which  was  last  exceeded  in 
I  1941.  Following  are  the  technical 
j  papers  and  sessions  bearing  pos¬ 
sible  electronic  implications: 

Frequency  Clianyers  —  CharaetTeristieg, 
.\l>l>licutiuiig,  aiid  Kconouiics,  by  S.  B. 
Crary  and  U.  M.  Easley,  UE. 

Transient  Response  of  Controlled  Recti¬ 
fier  Circuits,  by  1*.  T.  Chin  and  G.  E. 
Walter,  OE. 

•  A  Method  for  Uemonstrating  the  Volt¬ 
age  and  Current  Wave  Forms  of  Con¬ 
trolled  Rectiflerg,  by  P.  T.  Chin  and 
E.  E.  Moyer,  GE. 

Arc  Bucks  in  Rectifier  Circuits — Artifi¬ 
cial  ArcUiuck  Tests,  by  R.  D.  Evans  and 
.V.  J.  Muslin,  Westiugbouse. 

Rectifier  Fault  Currents,  by  C.  C.  Her- 
skiud  and  H.  L.  Kellogg,  GE. 

Voltage  and  Current  Relations  for  Con¬ 
trolled  Rectification  with  Inductive  and 
Generative  Loads,  by  K.  P.  Puchlowski, 
Westingliouse. 

Damping  and  Syuclirouizing  Torques  of 
Power  Selsyus,  by  C.  Concordia  and 
Gabriel  Kron,  GE. 

Principles  of  Grid  Control  for  Thyra- 
troHS,  by  P.  H.  Chin  and  E.  E.  Moyer, 
GE. 

An  Interval  Timer  for  .\rc  Duration,  by 
S.  Quill,  GE. 

\  Modulated  Frequency  System  of  Tele¬ 
metering,  by  H.  E.  Renfro  and  .4.  P. 
I'eterson,  Control  Corp. 

Dynamic  Measurements  on  Electromag¬ 
netic  Devices,  by  E.  L.  Norton,  Bell  Labs. 

A  Portable  Instrument  for  Measuring 
Insulation  Resistance  at  High  Voltage, 
by  F.  W.  Atkinson  and  R.  B.  Taylor, 
Takk  Corp. 

A  Comparison  of  the  A-M,  F-M,  and 
Siugle  Sideband  Systems  for  Power-Line 
Carrier  Transmission,  by  R.  C.  Cheek, 
Westinghouse. 

The  Resistance-Coupled  Amplifier,  by 
L.  O.  Cowles,  Texas  Co. 

The  Tapered  Transmission  Line,  by  J.  W. 
Mllnor,  consulting  engineer. 

Tracer  Controlled  Position  Regulator  for 
Propeller  Milling  Machine,  by  C.  R. 

Hanna  and  W.  O.  Gabon,  Westinghouse ; 
and  H.  A.  Hartley,  Adel  Precision  Prod¬ 
ucts. 

.\pplication  of  Electrical  Equipment  for 
Propeller  Milling  Machine,  by  H.  E. 

Morton.  Morton  Mfg.  Co.  ;  and  O.  G. 
Rutemiller,  Crosley  Corp. 

Design  of  Sealed  Ignitron  Rectifiers  for 
.  Three-Wire  Service,  by  M.  M.  Morack. 
GE. 

1  The  Combination  of  Supervisory  Control 
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NOZZLE  TESTER 

/Ceeps  Diesel  Engines 
Running  Efficiently 


TKTS  fUBl  INJECTORS 

and  hvorauiic  devices 

Af  Pretsorot  Up  To 

*0/000  p.,.,-. 


To  keep  diesel  engines  operating 
at  peak  efficiency ,,  this  portable, 
precision-built  Adeco  Nozzle  Test¬ 
er  is  indispensable. 

Light  in  weight  yet  built  for  heavy- 
duty  service,  it  enables  any  me¬ 
chanic  to  make  quick,  accurate 
tests  on  injector  opening  pressure, 
spray  pattern,  etc.,  and  detect 
stuck  needle  valves  and  leakage 
around  valve  seats.  Tests  both 
large  and  small  injectors,  on  bench 
or  engine,  at  pressures  up  to  10,- 
000  p.s.i.  Prevents  costly  delays 
and  possible  damage  to  engine. 

Ideal  for  testing  hydraulic  devices. 

Writ*  for  bulittin  on  U" 
practical,  low-c*»t  uni*. 


aircraft  &  DItSEL 
equipment  corp. 

NO.  RAVENSWOOD  AVE. 
CHICAGO  40,  ILLINOIS 
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The  Langevitt  Compart u 

INCORPORATED  # 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 

NEW  YORK  SAN  FRANCISCO  LOS  ANGELES 

37  W.  65  St.,  23  1050  Howard  St  ,  3  1000  N  Seword  St  ,  38 


Illustrated  at  left  is  a  hangevin 
Hermi-Lock  hermetically  sealed 
transformer.  Case  must  be  destroyed 
before  interior  of  unit  can  be 
reached.  Hermi-Lock  provides  ex¬ 
tensive  safety  factor  for  combat  use. 


The  failure  of  a  hermetically  sealed  transformer  is  largely  due  to 
the  fact  that  solder  is  depended  upon  for  a  mechanical  union  as 
well  as  the  hermetic  seal.  Solder  having  a  low  tensile  strength  is 
readily  fractured  by  thermal  action,  vibration  or  shock,  and  the 
seal  broken;with  failure  a  probability. 

LANGEVIN  hermetically  sealed  transformers  employ  the  unique 
*Hermi-Lock  construaion  which  provides  a  positive  mechanical 
union  between  body,  cover  and  bottom,  the  solder  being  simply 
the  sealing  agent.  The  result  is  a  dependable  unit  with  little  chance 
of  failure  under  simultaneously  adverse  conditions. 

Your  inquiry  for  transformers  of  all  types  up  to  5  KVA  are  solicited. 

*tfod«  Mark  Regislerad 
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in  suRco-nniERicnn 
pinsTic  TUBinc 

The  great  variety  of  preseip/ 
applications  speaks  volumes  for 
flexibility  of  Surco-American  Plas¬ 
tic  Insulating  Tubing.  Even^nder 
extreme  conditions  of  hwt,  cold, 
moisture,  wear,  chai^ls^in  weather, 
and  in  the  pre^^of  dilute  acids, 
oils  and  most  solvents,  the  same 
degreeof  flexibility  prevails. 

Sur^o-American  offers  a  wide 
range  of  standard  and  special 


formulations,  clear  or  in  any  color, 
with  such  specifications  as  high^n- 
sulating  resistance,  low  pov^r  fac¬ 
tor,  or  an  average  dielectric  strength 
of  1500  volts  per  mil|^hickness. 
Every  formulation  is  laboratory 
tested.  Available^n  continuous 
lengths,  I.  D.  to  2".  Also 

flexible  plr^ic  insulated  wire,  #12 
to  #4^A.  W.  C.,  insulating  tape 
and  special  tubing  and  wire.  Com¬ 
plete/technical  data  furnished. 


riECTRICAL  INSULATION  CO. 
f  Dept.  C 

84  Purchase  St.,  Boston  10,  Mass. 


6y  exclusive  winding  and  pack¬ 
aging,.  Surco-American  Tubing 
stays  round  on  the  spool. 


with  Other  Functions  on  Power-Line 
Carrier  Channels,  by  H.  C.  Cheek  and 
W.  A.  Derr,  Westinghouse. 

Supervisory  Control  for  Xew  Chicago 
Subway,  by  W.  A.  Derr,  Westinghouse ; 

C.  J.  Buck,  Chicago  Rapid  Transit  Co. ; 
and  J.  A.  Stoos,  Dept,  of  Subways  and 
Superhighways,  City  of  Chicago. 
Power-Line  Carrier  Channels,  by  M.  .T. 
Brown,  Westinghouse. 

Mercury-Arc  Rectifiers  for  Railroads,  by 
S.  S.  Watkins,  Gibbs  and  Hill.  Inc. 
Induction  Heating  of  Moving  Strip,  by 
R.  M.  Baker,  Westinghouse. 

I’referred  Practices  for  Klectrienl  Con¬ 
trol  Devices  for  Aircraft,  by  F.  XV.  Hol- 
tenroth  Jr.,  GK. 

•  t’onference  on  High-Frequency  Cables. 
I.t.  ('oiiiin.  John  H.  N'elier,  presiding. 
♦Conference  on  Higli-Fre()uency  Dielec¬ 
tric  Heating,  ,1.  J.  (>rr,  ]>residing. 

Items  marked  with  an  asterisk  (*) 
are  not  intended  for  publication  by 
the  Institute,  either  in  Transactions  or 
in  reprint  form.  Others  are  available 
from  AIEE,  3.3  West  39  St.,  New 
York  18,  N.  Y. 

In  anticipation  of  its  Spring 
elections,  AIEE  followed  up  the 
meeting  with  an  announcement  of 
nominations  including  Dr.  W.  E. 
I  Wickenden  for  president. 


Attention  Inventors! 

Signed  by  C.  F.  Kettering,  a  note 
from  the  National  Inventors  Coun¬ 
cil  of  the  Department  of  Commerce 
indicates  that  the  Navy  Depart¬ 
ment  has  a  number  of  problems  on 
which  it  would  like  to  turn  the 
country’s  inventors  loose. 

Among  these  are:  (1)  A  device 
for  transmitting  rotary  motion 
through  a  moisture-proof  barrier 
for  such  applications  as  radio  con¬ 
trol  knobs  and  generator  shafts; 
(2)  Waterproof  jacks  for  micro¬ 
phones,  headphones  and  telephone 
keys;  (3)  A  continuous-sampling 
combustion-gas  indicator  with  auto¬ 
matic  alarm  and  suitable  for  instal¬ 
lation  in  gasoline-driven  motor 
boats  for  continuous  sampling  of 
bilge  vapors;  (4)  A  small  portable 
field  strength  meter  about  the  size 
and  weight  of  a  walkie-talkie  and 
with  frequency  range  from  100  to 
20,000  kc  and  capable  of  measuring 
intensities  from  10  to  1,000  milli¬ 
volts  per  meter;  (5)  Radio  anten¬ 
nas  up  to  300  ft  high  which  can  be 
handled  by  unskilled  crews;  (6)  A 
method  of  measuring  elastic 
stresses  locked  up  in  metallic 
structures;  (7)  A  method  of  weld¬ 
ing  light-gage  aluminum;  (8)  A 
precision  twin-triode  vacuum  tube 
with  the  general  characteristics  of 
the  6SN7  type  but  with  several 
modifications;  (9)  An  expendable, 
compact,  lightweight,  rugged,  me¬ 
chanical  device  to  permit  successive 
closures  of  up  to  eight  electrical 


VOLTAGE- 

BREAKDOWN 

Tester 


#  A  simple,  positive,  sole  and 
quick  means  oi  testing  D.C.  volt¬ 
age-breakdown  on  materials  or 
components.  Used  in  the  laboratory 
oi^out  in  the  plant.  Con  be  operated 
by  usual  factory  personnel. 

•  Plugs  into  standard  A.C.  outlet. 
Rectifier  provides  1  to  4000  v. 
(Type  P-1  here  shown)  or  1  to 
10,000  V.  (P-3  large  cabinet 
type),  D.C.,  continuously  vari¬ 
able. 

#  Red  panel  light  indicates  "On" 
or  "live".  Variac  knob  is  rotated 
until  meter  reads  desired  test 
voltage. 

•  Second  panel  light  indicates 
when  breakdown  occurs,  and 
meter  gives  the  breakdowi 
voltage. 

#  Current-limiting  resistors  keep 
current  to  approximately  I 
milliommeters  on  P-1,  or  40  nil- 
liomperes  on  P-3,  over  full  raege, 
os  safety  measure. 

A  standard  test  equipment  now 
available  for  prompt  delivery. 

Typical  of  the  large  and  growtoq 
line  of  "Industrial  Instruments  -- 
instrumentation  for  everyde^  vwrt 
about  laboratory  or  production  toe 
— ^practical,  depend^le,  moderate 
in  cost. 

•  Wrife  for  Literature 


In  dnfitri a  /  ^  " 

PLANT  and  OFFICES 


?  '  17  POLLOCK  AVENUE 

JERSEY  CITY  5,  N  ) 

/nhlnnncnf^T  ^ 
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for  POSITIVE  HERMETIC  SEALING 


Average  of  Actual  Test  Flash  Over  Recommended  Maximum  Use  Voltage 
or  Breakdown  Voltage  R.M.S.  at  Sea  Level  R.M.S. 


Actual  Size  Photograph 


12,725 


INSULATION  RESISTANCE  OVER  1,000,0aa  MEGOHMS 


METAL-GLASS  SEALS 

i^STUPAKOFF 


Theieries  of  Stupakoff  metal-glass  seals  illustrated  offers  maxi¬ 
mum  electrical  qualities  consistent  with  space  limitations  and 
simplicity  of  design  permitting  mass  production.  They  are  suit¬ 
able  for  operation  at  temperatures  from  — 55®  C  to  +200®  C, 
and  are  tested  to  meet  thermal  shock  specifications  of  the 
services.  The  construction  provides  a  hermetic  seal  with  a 
long  electrical  leakage  path,  resistance  to  thermal  shock  and 
mechanical  strength. 

Such  seals  are  made  possible  by  the  metal,  Kovar,  a  cobalt, 
nickel,  iron  alloy  which  matches  the  expansion  of  certain  hard 
jlnsses  from  — 80®  C  to  the  annealing  point  of  the  glass 
(tpprox.  +450°  C).  Kovar  forms  a  seal  through  a  heating 
process  in  which  the  oxide  of  Kovar  is  dissolved  into  the  glass 
to  form  a  perfect  bond  —  pressure  and  vacuum  tight  under 
**toeme  climatic  conditions. 

Stupakoff  furnishes  Kovar-glass  seals  with  single  or  multi¬ 
ple  electrodes  in  various  styles.  For  those  equipped  for  glass 
voriting,  Stupakoff  supplies  Kovar  as  rod,  sheet,  wire,  tubing 
*  lubricated  into  cups,  eyelets  or  special  shapes. 

Write  Stupakoff  today  for  assistance  in  developing  hermet- 
“*11y  sealed  components  for  war  applications.  Samples  and 
’^Peints  of  this  advertisement  may  be  obtained  by  writing 

•Wmem  K.56. 


KOVAR  ELECTRODE 

(See  below  for \ 
ttondord  styles/ 


KOVAR  EYELET 


STANDARD  SIZES  (other  sizes  to  your  specifications) 
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STANDARD  ELECTRODE  STYLES 
AVAILABLE  IN  COMBINATION 
(EXCEPT  B) 


Do  More  Than  Before — Buy  EXTRA  War  Bonds 


STUPAKOFF  CERAMIC  AND  MANUFACTURING  CO.,  LATROBE,  PA. 


circuits  with  a  time  interval  be¬ 
tween  closures  of  about  0.2  to  0.3 
sec,  and  (10)  A  small,  fast-acting, 
double-action  solenoid  to  operate  on 
28  volts  dc  with  a  20  lb  pull  at 
maximum  air  gap.  The  plunger 
must  seat  at  each  end  of  the  travel. 

Suggested  solutions  should  be 
prepared  in  sketch  and  description 
form  and  sent  to  the  National  In¬ 
ventors  Council,  Department  of 
Commerce,  Washington,  D.  C.,  for 
consideration  and  report. 


Circuit  Theory  for  Servos 

Servo  systems  were  analyzed  on 
the  same  basis  as  feedback  ampli¬ 
fiers  by  Asst.  Professor  A.  C.  Hall 
of  the  MIT  servo-mechanisms  lab¬ 
oratory  at  a  recent  meeting  of  the 
New  York  section  of  IRE. 

In  the  comparison  of  servos  and 
amplifiers,  the  natural  frequency 
of  the  servo  was  shown  to  corre¬ 
spond  to  a  resonant  rise  in  ampli¬ 
fier  response  and  damping  to  cor¬ 
respond  to  amplifier  gain.  Condi¬ 
tions  for  instability  and  various 
degrees  of  damping  were  ap¬ 
proached  from  the  Nyquist  dia¬ 
grams  for  feedback  stability. 

Methods  of  controlling  servo 
characteristics  derived  from  this 
approach  were  demonstrated  on  a 


This  is  the  logotype  adopted  by  National 
Association  of  Bioadcasters  to  symbolize 
the  twenty-fifth  anniversary  of  KDKA's 
original  operation  and  thus  of  the  radio 
industry 


YOUR  QUALITY  SOURCE 
FOR  OESIGN,  DEVELOP- 
MENT  AND  CLOSE- 
TOLERANCE  PRODUCTION 

If  your  plastic  parts  or  products  call 
for  fabrication  to  extremely  close  toler¬ 
ances,  look  to  Sillcocks-Miller  special¬ 
ists  .  .  .  pioneers  of  precision  -  mad* 
plastics. 

Recognized  everywhere  for  high  quality 
fabrication,  The  Sillcocks-Miller  Com¬ 
pany  offers  you  a  combination  of  loi*9 
experience,  -know-how  and  outstandmO 
facilities  to  help  you  in  the  design,  de¬ 
velopment  and  production  of 
plastic  parts  requirements. 

You  may  pay  a  little  more  for  Sillcoeb- 
Miller  quality,  but  it  costs  you  !*»* 
the  long  run  —  performance,  satisf**- 
tion  and  savings  considered. 

Write  for  free  booklet  preienting  • 
4-polnt  service  to  help  designers  and 
manufacturers. 


SILLCOCKS-MILLER  CO- 

Ottita  *  foito't 

10  H.  PARKER  AVE.,  MAPlE^J'^O  "  ' 

Mo.li-q  AHdr.s.,  SOUTH  ORANOt.X-' 
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A.C.  VOLTS 


BUY  MORE 
ir  WAR  BONDS 


EDLLEH-SMITH  SWITCHBOARD  IKSTHUMEKTS 


In  both  d-c  and  a-c  switchboard  instruments,  Roller-Smith  has 
concentrated  on  a  moving  system  that  will  guarantee  long-time 
accuracy  and  freedom  from  trouble.  Fine  grained  hardened  and 
polished  steel  pivots  rotate  in  carefully  selected  jewel  bearings. 
Springs  are  phosphor-bronze,  well  aged  to  minimize  zero  shifting. 
The  rugged  bridge  construction  assures  permanent  alignment  of 
all  parts  and  helps  maintain  calibration. 

This  careful  construction  of  the  mechanism,  coupled  with  the 
best  of  materials  and  workmanship  plus  more  than  40  years  of 
experience  in  the  design  and  manufacture  of  precision  electrical 
instruments  all  add  up  to  an  assurance  of  accuracy  and  dependable 
performance.  For  complete  information,  with  list  of  ranges  com¬ 
monly  supplied,  write  for  Catalog  4220. 


ROLLER-SMITH 


Canadian  Plant:  ROLLER-SMITH  MARSLAND  LTD.,  Kitchener,  Ontario 


Solei  Representatives 
oil  Principal  Cities 


Bionics -M„c*  ws 


! 


laboratory  model  of  a  continuous- 
control  servo.  Damping  was  shown 
to  be  directly  controlled  by  ampli- 
fier  gain,  and  sensitivity  to  be 
governed  by  the  natural  frequency 
of  the  system. 


HE  far  greater  economy,  efficiency, 
and  reliability  of  the  new  NE  51 
NEON  LAMPS  has  created  a  great  deal 
of  interest  in  our  newest  NEON  light 
assemblies.  Drake  No.  SON  and  No. 
51 N  assemblies  are  shipped  complete 
with  NE  51  Neon  Lamps  ...  all 
ready  to  connect  to  105  to  125  volt 
sources.  Attractive  plastic  shields  that 
cover  and  protect  the  Neon  lamps  will 
be  ready  about  April  1945.  Consider 
Drake  Patented  Neon  Assemblies  .  .  . 
the  sturdy  units  that  save  power 
(1/25  watt) — last  longer  (3000  hrs.) 
and  have  a  wider  voltage  range. 


Boat>to-Boat 

Radio-telephone  communication 
between  lifeboats  at  sea  will  be 
feasible 


non-skilled  men 
through  the  use  of  a  new  trans¬ 
ceiver  by  cargo  vessels  of  the  U.  S. 
Maritime  Commission.  Manual  or 
automatic  telegraph  transmission 
can  also  be  used.  The  unit  operates 
entirely  by  power  from  a  hand- 
operated  generator  which  permits 
unlimited  operation  without  the 
limitations  of  short-lived  batteries. 
Units  are  entirely  waterproof  and 
attain,  by  the  use  of  balloon  and 
kite  antennas,  a  range  ten  times 
that  of  present  lifeboat  transmit¬ 
ters  on  500  kc. 


SOCKET  AND.  JEWEL  LICHT  ASSEMBLIES 


A  range  of  over  a 
thousand  miles  is  obtained  on  the 
high  frequency  of  the  air/sea  res¬ 
cue  program. 


Synchronized  Advertising 

People  all  over  the  world  will  be 
able  to  read  the  same  advertise¬ 
ments  at  the  same  time  according 
to  a  scheme  worked  up  between 
Radio  Corp.  of  America  and  one  of 
the  New  York  advertising  agencies. 
Radiophoto  transmission  will  be 
used  to  flash  copy  and  layout  for 
simultaneous  release  to  publications 
throughout  the  globe.  From  these 
radiophoto  centers,  copy  and  la.'- 
out  would  go  by  air  mail  to  an  addi¬ 
tional  network  of  cities.  The  scheme 
has  already  been  used  in  a  fe'^ 
cases  and  gives  promise  of  prac¬ 
ticality. 


Central  America — 
Receiver  Market 

There  is  a  great  vacuum  in 
home  radio  field  in  the  Cent 
American  countries,  according 
Lazare  Gelin  of  Lear  Inc.  who  I 
just  returned  from  a  trip  throi 
Mexico,  the  Central  Americas,  ' 
lombia,  and  Venezuela. 

Having  had  a  dozen  years  expc 
eiice  in  export  work  in  these  coi 
tries,  Mr.  Gelin  bases  his  prer 
tions  on  commercial  estimates  a 
on  comments  given  him  by  o 
businessmen.  He  adds  to  the  co 
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ELECTRICAL  INSULATION  CO., INC. 
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relechron  Electric  Radio  Switch  Clock  for  quick-moving  post-war  receiver  sales! 


Telechron  C40,  electric  radio  switch  clock,  is  a  top-flight,  A-1  sales 
booster  for  lower  price  receivers.  The  owner  pre-sets  the  operating 
time— C40  turns  on  the  station,  on  the  dot,  and  also  serves  as  an 
■deal  alarm  clock.  Single  control  knob.  A  handsome  time-saver 
that  should  be  standard  equipment  on  every  radio  designed  for 
mass  appeal.  Low  installation  cost.  Attractive  pattern  for  panel 
■nounting.  Furnished  in  varying  dial  sizes,  with  dial  and  hand 
^les  to  meet  your  requirements.  Famed  Telechron  accuracy,  long 
dependability.  Other  styles  and  sizes  for  other  radio  require- 
'nents.  Get  the  full,  profitable  facts  now!  Write  or  wire  Automatic 
Control  Division,  Dept.  K,  Warren  Telechron  Co.,  Ashland,  Mass. 


•le.  U.  8.  PAT.  OFP. 


'WARREN  TELECHRON  COMPANY  •  ASHLAND,  MASSACHUSETTS 
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COMPLETELY  AUTOMATIC 
PRE-SELECTOR 

Talechron  Timer  C32  offers  complete 
automatic  pre-selection  of  as  many  as 
41  differont  15-minute  radio  programs 
in  sequence.  Timer  turns  radio  on  for 
desired  operating  period,  then  turns  it 
off.  A  flick  of  the  Unger  sets  the  keys 
around  the  lorge  and  legible  clock  face. 
For  panel  mounting. 


merit  that  there  are  very  few  home 
receivers  left,  the  admonition  that 
prospective  purchasers  will  expect 
their  postwar  radios  to  be  consider¬ 
ably  better  than  the  prewar  proto¬ 
type. 

The  market  for  aircraft  radio 
will  also  be  huge,  he  thinks,  basing 
his  prediction  on  the  fact  that  our 
southern  neighbors  have  stepped 
directly  from  the  ox-cart  age  into 
the  air  age,  missing  the  rail  and 
automotive  transportation  steps 
that  we  have  gone  through.  They 
are  so  air-minded,  he  reported,  that 
bricks  have  even  been  shipped  by 
airplane  in  certain  areas. 


4  4 


West  Coast  Speaks 
with  300  KW 

Intensification  of  psychological 
warfare  against  the  Japanese  is 
marked  by  the  opening  on  our  West 
Coast  of  six  new  50,000-watt  trans¬ 
mitters  by  OWI  (Office  of  War  In- 
fonnation). 

With  ‘these  facilities,  almost 
double  the  hours  of  broadcasting 
will  be  devoted  to  carrying  the 
voice  of  America  deeper  and  more 
completely  into  Japan,  China,  the 
Philippines,  dnd  the  entire  Far 
East. 

One  of  the  dual  transmitters, 
KCBA-KCBF  is  operated  by  Colum¬ 
bia  Broadcasting  System  at  Del¬ 
ano,  while  the  other  two  dual  trans¬ 
mitters,  KNBA-KNBC,  and  KNBI- 
KNBX  are  run  by  the  National 
Broadcasting  Co.  at  Dixon.  Pro¬ 
grams  originate  from  OWPs  new 
studios  in  San  Francisco  and  in¬ 
clude  news,  commentary,  and  spe¬ 
cially  designed  radio  features  in 
many  different  languages  and  dia¬ 
lects. 


Troubled  by  fluctuating  line  Toltage? 
lust  include  a  Clarostat  Automatic  Line 
Voltage  Regulator  in  your  assembly — or  as 
an  accessory  plugged  in  between  connect¬ 
ing  cord  and  outlet.  At  110  Tolts  the  re¬ 
sistance  is  low.  Voltage  drop  is  negligible. 
But  as  line  Toltage  increases,  the  resistance 
builds  up  so  as  to  maintain  uniform  and 
safe  voltage  to  your  ossembly. 

Clarostat  also  makes  voltage-dropping  re¬ 
sistors.  such  as  for  adopting  110-volt  equip¬ 
ment  to  220-volt  power  lines.  Mode  either 
for  built-in  applications,  or  as  convenient 


BELL  may  have 
the  answer! 


use  of  electronic  controls  or  as- 
If  your  post-war  plans  include  the 
semblies — as  a  part  of  your  prod¬ 
uct,  or  to  meet  a  production  prob¬ 
lem — we  may  have  the  answer. 
Our  wide  experience  in  designing 
and  building  electronic  equip¬ 
ment,  carried  right  through  from 
early  electronic  developments  to 
the  latest  types  of  vital  elec¬ 
tronic  devices,  qualifies  us  to 
serve  you.  Your  inquiry  will  not 
obligate  you  in  ^ 

anyway.  W  jfey 


New  Officers  for 
Control  Society 

At  the  annual  meeting  of  the 
New  York  Society  for  Measure¬ 
ment  and  Control,  held  in  New  York 
recently,  the  following  officers  were 
elected  for  the  forthcoming  year: 

President — Prof.  Carl  F.  Kayan 
of  Columbia  University;  vice  presi¬ 
dent — C.  H.  Colvin  of  Guggenheim 
School  of  Aeronautics;  secretary — 
H.  L.  Hildenbrand  of  The  Ester¬ 
line- Angus  Co.  Inc.;  treasurer — E. 
E.  Corbett  of  C.  J.  Tagliabue  Mfg. 
Co.;  Executive  Committee — Irving 
H.  Pla^z  and  C.  D.  Corey  of  Bulova 
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Brocket  ond  extended  shoft 
for  off-ponel  mounting. 
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Series  6300  Mossmon 
Heovy  Duty  Turn  Switch. 


CONTACT  FORMS 


Single  Pole  Make 
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Single  Pole  Break 


Single  Pole  Double  Throw 


^gle  Pole  Double 
Throw  Open  Neutral 


Woke  Before  Break 
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MOSSMAN  SERIES  6300  HEAVY  DUTY  TURN  SWITCH 
Permits  Almost  Unlimited  Circuit  Arrangements 

Latest  development  in  the  Mossman  line  of  precision  heavy  duty  multiple  circuit  turn  switches 
is  the  Series  6300  ...  a  big,  husky  switch  for  panel  mounting  that  permits  a  most  versatile 
control  set-up. 

Electrical  and  production  engineers  will  find  this  twitch  most  useful  in  such  applications  as: 
Signal  systems,  alarm  systems,  controls  for  machine  tools  and  welding  equipment,  lighting 
systems,  annunciators  and  many  other  types  of  electronic  devices  and  controls. 

The  Series  6300  Mossman  Heavy  Duty  Turn  Switches  are  available  as  either  three  posi¬ 
tion  (Series  6303)  or  two  position  (Series  6302)  switches.  An  almost  unlimited  series  of 
combinations  of  contact  assemblies  may  be  built  up  by  use  of  any  combination  of  the  six 
basic  forms  shown. 

Standard  heavy  duty  contacts  are  of  3/16"  diameter  fine  silver^  rated  at  10  amperes, 
no  volts  A.C.,  non-inductive.  Extra  heavy  duty  contacts  are  of  5/16"  silver  alloy  rated  at 
20  amperes,  110  volts  A.C.,  non-inductive.  Breakdown  rating  of  springs  to  ground  is 
2000  volts,  A.C. 

Send  for  complete  information  on  the  new  Series  6300  Mossman  switches.  Also  ask  for 
catalog  which  describes  the  full  line  of  Mossman  precision  electrical  components,  including 
many  types  of  heavy  duty,  multiple  circuit  lever  switches,  turn  switches,  push  switches,  plug 
jacks  and  other  special  switching  components. 

DONALD  P.  MOSSMAN,  INC,  612  N.  Michigan  Ave.,  Chicago  11,  III. 
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FOR  ANY  JOB 
—ANYWHERE 


★  ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electric  serrlce 


^  supply  reliable,  economical  electric  serrlce 
for  electronics  opplications  os  well  os  for  scores 
of  general  uses. 


Driren  by  Onan-built,  4-cycle  gasoline  engines, 
these  power  units  are  of  single-unit,  compact  de¬ 
sign  and  sturdy  construction.  Suitable  for  mobile, 
stationary  or  emergency  serrice. 


POWit  AND  LIGHT  TO!  IViRY  NflO 


"Models  range  from  350  to 
35,000  watts.  A.C.  types  from 
115  to  660  Tolts;  50,  60,  180 
cycles,  single  or  three-phase: 
400,  500,  and  800  cycle,  single 
phase;  also  special  frequencies. 


D.C.  types  range  from  6  to 
<000  volts. 


Dual  voltage  types  available. 
Write  for  engineering 
assistance  or  detailed 
literature". 


D.  W.  ONAN  &  SONS  -  Minneapolis  5,  Minn. 


M  i  is  ten,  Jim! 

^  ASSOCIATED  nSSEAUCH 

'm  AST  Sttiy  MSKiS 

«  ¥/SltOTlSTS 


W  Aim  CAS 

I  mr,.. 


ma 


fer  insulation  rasistanc*  tasting  but  also 
VIMOGROUND  for  ground  tasting,  HYPOT  for 
high  uoltoga  braokdown  tasting,  DONUT 
transfermars>  SHUNTS,  RESISTORS,  and 
many  ethor  products. 
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VIBROTEST  is  an  outstanding  name  for 
easy  simplified  and  accurate  insulation  re¬ 
sistance  testing.  Compact,  portable,  oper¬ 
ated  in  any  position,  it  is  in  wide  use  in 
electrical  power  fields,  industry  and  all  elec¬ 
trical  departments.  But  it  is  only  one  of 
the  many  products  of  Associated  Research. 


Watch  Co.;  Harry  E.  Geddes  of 
American  Airlines  Inc. ;  Robert  K, 
Farr^am  of  Instrument  Publishing 
Co. ;  H.  C.  Roters  of  Fairchild  Cam¬ 
era  &  Instrument  Corp. 

At  the  business  meeting  preced¬ 
ing  the  election,  a  report  was  given 
on  the  progress  of  plans  to  organ¬ 
ize  a  national  society  for  measure¬ 
ment  and  control. 


Motion  Picture  Standards 
Under  Way 


American  Standards  Association 
has  in  the  works  a  number  of 
standards  with  possible  electronic 
implications.  These  include:  speci¬ 
fications  for  Class  II  Service  Model 
16-MM  Sound  Motion  Picture  Pro¬ 
jection  Equipment — Z52.13,  Specifi¬ 
cation  for  Warble  Test  Film  Used 
for  Testing  16-MM  Sound  Motion 
Picture  Equipment — Z52,32,  Sound 
Records  and  Scanning  Area  for  35- 
MM  Sound  Motion  Picture  Prints 
— Z52.36,  and  Method  of  Determin¬ 
ing  Signal-to-Noise  Ratio  of  16- 
MM  Sound  Motion  Picture  Prints 
— Z52.38. 


Phenomenal  Tube  Market 


Major  postwar  markets  for  elec¬ 
tron  tubes  will  be  found  in  the 
manufacturing  and  processing  in¬ 
dustries  rather  than  in  communi¬ 
cation,  in  the  opinion  of  L.  W.  Te^ 
garden,  general  manager  of  the 
tube  and  equipment  department  of 
the  RCA  Victor  Division,  Radio 
Corp.  of  America. 

As  an  illustration,  he  pointed  out 
that  a  single  order  recently  re¬ 
ceived  by  the  company  for  power 
oscillator  tubes  to  be  used  in  elec¬ 
tronic  power  heating  had  a  com¬ 
bined  rated  power  equal  to  that  of 
all  radio  stations  in  the  United 
States. 


(^ranliing^ 
1^0  oCeuefing. 


Self-contained  power  source.  Easily 
read  scale  shows  ohms  and  megohms. 
Vibrotest  Model  201  illustrated.  Range 
0-200  megohms  at  500  V.  potential, 
0-2,000  ohms,  150-300-600  volts  AC  or 
DC.  Send  for  Bulletin  on  all  models. 


BRINB  YOUR  SPECIAL  PROBLEMS  TO  US 

The  experience  of  our  technicians  is  at  your 
disposal,  with  complete  facilities  for  design¬ 
ing,  developing  and  manufacturing  to  your 
requirements.  We  serve  organizations  and 
individuals.  We  produce  in  large  and  small 
quantities.  We  are  equipped  for  prompt 
delivery. 

Engineering  Service  Represenfaflon  In  all  Principal  Cities 

WIRE  OR  WRITE  FOR  IMMEDIATE  AHENTION. 


Associatcd  Mesemich.  ® 

<  rr^/jota/rc/ 


223  So.  Green  Street 
Chicago  7,  Illinois 


Airways  Radio  Problems 

Radio  ranges  along  Federal  air¬ 
ways  will  probably  be  kept  in  ® 
constant  state  of  change,  accordini? 
to  Charles  I.  Stanton,  Deputy  Ad¬ 
ministrator  of  the  CAA 
Aeronautics  Administration),  ^ 
he  spoke  before  the  Radio  ^ 
nical  Committee  for  Aeronau 
recently.  Although  CAA 
•to  install  a  complete  new  v-h-f  ay 
tern  of  ranges  with 
which  may  be  availaole  before 
summer  and  eventually  replace 

March  1945  - 
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with  SPEER  GRAPHITE  AHODES 


Because  Speer  Graphite  Anodes  are 
high  in  thermal  conductivity  value,  pro¬ 
duce  quicker  diffusion  and  more  uni¬ 
form  distribution  of  heat  throughout 
the  anode  material,  thus  preventing 
"hot  spots”  which  result  in  warping 
and  fusing. 

Speer  Graphite  Anodes  have  a  very  low 
expansion,  and  no  softening  point 
(graphic  sublimes  without  melting  at 
3500°  C.)  and  do  not  warp.  Their  non¬ 
warping  quality  permits  tube  manufac¬ 
turers  to  produce  closely  matched 
tubes,  the  characteristics  of  whi^h  will 
remain  constant  throughout  their  entire 
life. 

Speer  Graphite  Anodes  are  manufac¬ 
tured  by  a  method  which  insures 
greater  plate  dissemination — not  only 
of  heat  hut  also  of  power.  This  process 
^Iso  eliminates  shrinkage  generally 
brought  about  by  high  operating  power 
IS  well  as  completely  expelling  all 
gases  from  the  anodes. 


.  .  .  AND  THEY  ALSO 

•  Increase  allowable  plate  power  dissipation. 

•  Lower  temperatures  of  associated  tube 
parts. 

•  Withstand  severe  overloads. 

•  Prevent  "hot  spots”  or  fused  holes. 

•  Minimize  bulb  darkening  and  insulator 
leakage. 

•  Improve  degassing  qualities. 

•  Decrease  gas  troubles. 

•  Enhance  tube  appearance.. 

•  Provide  precise  anode  dimensions. 

•  Produce  uniform  tube  characteristics. 

•  Retain  original  dimensions  in  service. 

•  Maintain  normal  tube  characteristics. 

•  Allow  wide  latitude  of  anode  design. 


SPEER 

CARBON  COMPANY 


CHICAGO  •  CLEVELAND  •  DETROIT 
MILWAUKEE  •  NEW  YORK  •  PITTSBURGH 
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HERMETICALLY 

SEALED 

TRANSFORMERS 


We  are  completely  equipped  to  build 
and  test  these  transformers  to  meet  the 
5-cycle  test.  We  invite  inquiries. 


DONGAN  ELECTRIC  MFG.  CO. 


Detroit  7,  Hich. 


2977  Franklin 


Th*  Dongan  Lin* 
Sine*  Nin*te*n>Nin* 


We  Invite 
Inquiries 


’  F.  A.  SMITH  MFG.  CO.,  INC. 
801  DAVIS  ST.,  ROCHESTER  2,  N.Y. 
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low  frequency  ranges  with  v-h-f, 
Mr.  Stanton  suggests  that  contin¬ 
ual  research  and  development  will 
make  it  necessary  to  install  the 
best  available  equipment  and  study 
developments  as  they  come. 

Talking  about  language  difficul¬ 
ties  which  will  inevitably  arise 
from  inter-continental  air  traffic, 
he  expressed  the  hope  that  a  code 
system  annd  signals  intelligible  to 
all  nationalities  might  be  developed. 

Association  to  Cultivate 
Good  Labor  Relations 

Recently  organized  in  New  York 
and  located  in  the  Empire  State 
Building  is  the  Electronics  Manu¬ 
facturers  Association  Inc.  formed 
to  handle  the  labor  relations  of 
radio-radar  and  other  electronic- 
product  manufacturers  in  the 
greater  New  York  area. 

Officers  and  directors  elected  for 
an  annual  term  include:  I.  Walter 
Wyckoff,  Pilot  Radio  Corp.,  presi¬ 
dent  ;  Leslie  G.  Thomas,  Solar  Mfg. 
Corp.,  vice-president ;  Arthur 
Freed,  Freed  Radio  Corp.,  vice- 
president;  J.  J.  Kuscher,  DeJur 
Amsco  Corp.,  secretary ;  Samuel  J. 
Novick,  Electronic  Corp.  of  Amer¬ 
ica,  treasurer,  and  Erwin  Feldman, 
general  counsel. 

MEETINGS  TO  COME 

March  21.  American  Institute  of 
Electrical  Engineers,  New  York 
Section,  Physical  Limitations  in 
Electron  Ballistics.  Mines  Build¬ 
ing,  Columbia  University,  New 
York,  N.  Y.  Prof.  C.  W.  van  der 
Merwe,  symposium  chairman.  Dept- 
of  Physics,  Washington  Square 
College,  New  York  University,  New 
York,  N.  Y. 

April  12-14.  Electrochemical  So¬ 
ciety,  87th  General  Meeting,  Hotel 
Claridge,  Atlantic  City,  N.  J.  Co^^ 
G.  Fink,  secretary,  Columbia  Uni¬ 
versity,  New  York  27,  N.  Y. 

Aprh.  12-14.  Optical  Society  of 
America,  Cleveland,  Ohio.  Arthur 

C.  Hardy,  secretary,  Massachusetts 
Institute  of  Technology,  Cambridge 
39,  Mass. 

April  16-20.  National  Elecib- 
CAL  Manufacturers  Association, 
Spring  Meeting,  Palmer  House, 
Chicago,  Ill . Cancelled. 

April  25-26.  American  Institute 
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NEW  HIGH  VACUUM 


VC  50  TO  250  JENNINGS 
CAPACITONS 


FOR  FASTER,  CLEANER  AND  MORE 
UNIFORM  INDUCTION  HEATING 

Westinghouse 

has  incorporated  the  Jennings  High  Vacuum 
Capacitors  in  their  standard  radio  frequency 
generating  and  control  equipment,  ranging  in 
frequencies  wide  enough  to  meet  all  probable 
dielectric  and  induction  heating  needs. 

TROPICAIIZE  your  equipment  with  Jennings  Capacitors 

Literature  will  be  mailed  on  request 

JENNINGS  RADIO  MANUFACTURING  COMPANY 

1098  EAST  WILLIAM  STREET 
SAN  JOSE  12  •  CALIFORNIA 

Transmitting  Tubes  and  Vacuum  Condensers 

PHOTOGRAPH  SHOWS  OPERATION  OF  ROTARY 
BASING  MACHINE  FOR  JENNINGS  CAPACITORS 
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AC  TIMI^G  MOTOR 

Available  450  RPM 
(or  faster)  to  1  REV. 
per  month:  manu* 
factored  to  your 
•pecific  voltage, 
frequency,  speed 
L  and  torque 
^  requirements. 


llME  IS  PRECIOUS- 
PLAN  TODAY  FOR 
TOMORROW 

Timing  is  vital  today— indispen¬ 
sable  tomorrow! 

Compact,  rugged  and  with  ex¬ 
treme  flexibility,  Haydon  timing 
motors  lead  the  field.  Manufac¬ 
tured  to  your  specific  voltage, 
frequency,  speed  and  torque  re¬ 
quirements,  they  are  available 
with  brake  for  instant  stop  —  re¬ 
versible,  and  with  shift  device  for 
automatic  reset. 

Whatever  Your  Timing  Problems 
May  Be... our  timing  engineers 
are  ready  and  willing  to  help  you 
solve  them  — Just  drop  a  line  to 
our  Timing  Engineering  Service 
Department. 


\v* 


Ai  makart  of  thm 
most  compioto  Une  of 
5|yiicAronous  Timing 
motoirt,  Hoydon 
Mmnufaetmring  Cons-* 
pony  offmn  a  com- 
pUmTlktNC  ENGI- 
NfiEIUNC  SERyiCE 


Uavaon 


,  CmM$etkmt 


OP  Electrical  Engineers,  North 
Eastern  District  Meeting,  Buffalo, 
N.  Y.  H.  H.  Henline,  secretary,  29 
West  39th  St.,  New  York  18,  N.  Y. 

April  26-27.  Institute  of  the 
Aeronautical  Sciences,  National 
Light  Aircraft  Meeting,  Detroit, 
j  Mich.  Meetings  Committee, — New 
j  York  20,  N.  Y.  Subject  to  po.stpone- 
ment  or  cancellation. 

I 

I  May - .  Society  for  Experi¬ 

mental  Stress  Analysis,  1945 
Spring  Meeting,  Buffalo,  N.  Y. 
W.  M.  Murray,  president,  P.  0. 
Box  168  Central  Square  Station, 
Cambridge  39,  Mass. 


WASHINGTON  NEWS 

Licenses.  As  a  convenience  to  many 
licensed  and  formerly  licen.sed  com¬ 
mercial  radio  operators  now  in  the 
military  service  or  employed  in 
war  industries  distant  from  their 
homes,  a  year’s  extension  of  license 
expiration  has  been  granted  by 
FCC.  Many  such  operators  do  not 
have  actual  possession  of  their  li¬ 
censes  at  the  present  time,  cannot 
ascertain  their  expiration  dates, 
and  therefore  file  timely  applica¬ 
tions  for  renewal.  The  new  dead¬ 
line  is  December  31,  1945. 

Man-power  Survey  Returns. 
Names  of  1,050  licensed  radiotele¬ 
phone  and  radiotelegraph  operators 
have  been  supplied  by  FCC  to  the 
War  Manpower  Commission 
(WMC).  Operators  are  those  hav¬ 
ing  indicated  their  availability  for 
full-  or  part-time  employment  in 
communications  work.  Fifth  in  a 
series  of  such  lists,  this  one  is  the 
first  to  contain  names  of  radio  tele¬ 
graph  as  well  as  radiotelephone  li¬ 
censees.  So  far  some  20,000  of  the 
nation’s  radio  operators  have  been 
canvassed. 

Network  Recordings.  Because  of 
the  scarcity  of  material  and  skilled 
personnel,  FCC  has  postponed  for 
an  indefinite  period  consideration 
of  an  order  which  would  have  re¬ 
quired  that  recordings  be  made  of 
network  programs.  The  Commis¬ 
sion  stresses  its  confidence  in  the 
ultimate  desirability  of  such  a  rule 
and  points  out  that  many  such  re¬ 
cordings  are  currently  being  made 
and  preserved. 

Transcontinental  Coaxial.  Re¬ 
cent  approval  by  FCC  of  $3,684,000 


5  INCH 
CATHODE  RAY 


Shield  body  of  .025"  Mu¬ 
metal  is  hydrogen  annealed 
at- 11 00"  C.  for  superior 
magnetic  shielding  proper¬ 
ties. 

Hinged  clamp  at  rear  grips 
tube  base  and  socket,  hold 
ing  them  together  firmly 
under  extreme  shock. 

Tube  base  clamp  fastens 
with  wing  stud  Air-loc,  giv¬ 
ing  secure  grip  with  con¬ 
venient  release  for  tube 
renewal. 

Rear  clamp  and  front  hood 
are  sponge  rubber  cush¬ 
ioned  for  added  shock  pro¬ 
tection. 

Hood  fastens  to  shield  with 
three  stainless  steel  cap¬ 
tive  thumb  screws. 
Plexiglass  disc  is  available 
Clear  or  dark  green. 
Molded  rubber  light  shield 
(MACO  part  J-583-Bt 
snaps  on  hood. 

Shield  and  hood  cadmium 
plated;  hood  finished  dull 
black  —  body,  Navy  gray- 
Designed  for  5JP1,  5CP1. 
5BP1.  5LP1,  &  5CP7  tubes 
and  can  be  adapted  to 
other  types  to  your  speci¬ 
fication. 

H^nrc  for  (iiliilxf, 

ni  M  AC(  f  iirodiii  I' 


METALLIC  ARTS 

COMPANY 

243  BROADWAY -CAMBRIDGE  39  MASS 


Uard,  I>«-EL6CT«0NICS 


A  HEAVY  WIRING  HARNESS 

4 

by  a  Wire  Manufarturer 


BUSINESS 


SINCE  1904 


helps  solve  your  manpower  problem 

Use  Lenz  Laced  Wiring  Harnesses,  constructed  of  approved  types  of  color 
coded  insulation  to  speed  up  your  assembly  operations,  and  release  manpower 
for  other  work  on  the  assembly  line. 

The  Lenz  organization,  manufacturers  of  radio  and  instrument  hookup, 
has  the  experienced  personnel  that  can  produce  these  harnesses  with 
meticulous  care  and  regard  for  precision,  to  meet  your  exact  specifications. 
Quotations  will  be  gladly  furnished  on  receipt  of  sketch  and  specifications. 

LENZ  ELECTRIC  MANUFACTURING  CO. 

1761  North  Western  Avenue  •  Chicago  47,  Illinois 
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ITS  MANY  ADVANTAGES  MAKE  MANY  USES  FOR  THE 

VERSATILE 


SELF-LOCKING  HOLLOW  SET  SCREW 

HEQ.  U.  8.  PAT.  OFF. 

Innumerable  applications  for  the  "Unbrako"  Self- 
Locker  exist  in  the  field  of  radio,  electronics  and 
fine  instruments.  Among  its  valuable  features  are: 

KNURLING — The  unique  and  patented  feature  of 
knurling  the  point  makes  it  a  Self- 
Locker — vibration  positively  will  not 
shake  it  loose. 

STRENGTH —  Heat-treated  by  a  special  method, 
the  "Unbrako"  is  unbelievably  strong. 

And  the  "Unbrako"  Knurl  Pointed  Self-Locker 
can  be  used  over  and  over — almost  indefinitely. 

Now  made  in  sizes  so  small  you  can  hardly  see 
them — yet  perfect  in  every  detail.  To  be  more 
exact:  From  ^0  to  I"  diameter.  All  commercial 
lengths. 

Where  the  Knurled  Point  "Unbrako"  cannot  be  used,  our 
KnurlBd  Thread  "Unbrako" — also  a  Self-Locker  regardless 
of  the  style  of  point— does  the  trick. 

Send  for  fho  "Unbrako”  Catalog  of  Socket  Screw 
Products. 

STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.,  BOX  596 
BRANCHES 

Boston  •  Detroit  •  Indianapolis  •  Chicago  •  St.  Louis  •  San  Francisco 
OVER  40  YEARS  IN  BUSINESS 


worth  of  projected  coaxial  cable  be¬ 
tween  Shreveport,  La.  and  Dallas, 
Tex.  relates  to  another  link  in  the 
proposed  transcontinental  coaxial 
route  planned  by  AT&T.  The  new 
cable  will  run  about  205  miles  and 
contain  eight  coaxial  units,  seven 
pairs  of  19-gage  and  three  quads 
of  22-gage  conductors  with  six 
pairs  loaded  for  voice  frequency 
operation. 

Surplus  Disposal.  Electrical  ma¬ 
chinery  and  apparatus  disposed  of 
by  the  Treasury  Procurement  Divi¬ 
sion  in  the  month  of  December, 
1944  came  to  $61,000  with  $1,901,- 
000  worth  remaining  on  inventory. 
Communication  equipment  to  the 
extent  of  $9,000  was  disposed  of  in 
November  by  Reconstruction  Fi¬ 
nance  Corporation.  Still  remainini 
on  inventory  with  this  agency  is 
$17,806,000  worth  of  communica¬ 
tion  equipment. 

Industrial  Sound  Equipment.  One 
solution  advanced  in  WPB  for  the 
insufficiency  of  industrial  sound 
equipment  is  the  possible  use  of 
commercial  equipment  not  suitable 
for  military,  marine,  and  foreign 
use.  Equipment  rejected  by  the 
Army  and  Navy  for  lack  of  special 
sealing  and  weather-proofing  may 
be  made  available  for  industry. 

Equipment  Availablity.  Although 
the  current  policies  of  WPB  and 
FCC  will  be  toward  a  fairly  deep 
freeze  of  installations  in  new  broad¬ 
casting  stations,  such  special  ra¬ 
dio  services  as  airlines,  public  util¬ 
ities,  and  fishing  boats  may  expect 
to  be  allowed  to  acquire  equipment 
from  existing  stock.  Standard 
broadcast  applications  will  require 
hearings  unless  the  construction 
will  result  in  service  to  a  com¬ 
munity  which  does  not  get  primary 
service  from  an  existing  broadcast 
station  while  simultaneously  all  re¬ 
quirements  of  the  January  26, 
1944  statement  of  policy  must  be 
met.  Changes  in  existing  standard 
broadcast  facilities  which  do  not 
involve  substantial  constructi^ 
work  and  which  cost  less  than  $500 
will  be  allowed. 

Manpower  Classification.  In  • 
new  listing  by  War  Manpower  Com¬ 
mission,  all  phases  of  communica* 
tions  operating  services  and 
branches  in  the  radio-electronic 
communications  manufwturing 
field  were  classified  as  critical  war 
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(i-E  MYCALEX 

The  development  of  G-E  mycalex,  the  superior  insulator 
possessing  low  dielectric  power  losses  at  high  temperature, 
is  of  particular  interest  to  the  radio,  electronic,  industrial 
control  and  heating  industries. 

G-E  mycalex  has  superior  electrical  characteristics  and  good 
mechanical  strength.  It  has  a  low  power  factor,  high  arc  re¬ 
sistance,  chemical  and  dimensional  stability  and  a  low  coeffi¬ 
cient  of  thermal  expansion.  It  is  impervious  to  water,  oil  and 
gas  and  is  unaffected  by  sudden  temperature  changes.  Metallic 
inserts  can  be  readily  molded  into  the  parts. 

General  Electric  is  molding  mycalex  for  rectifier  seals,  brush 
holder  studs,  tube  bases,  switch  insulation,  structural  parts  in 
radio  transmitters,  arc  chutes,  relay  insulators,  terminal  in¬ 
sulators,  and  as  inserts  in  die  castings  and  organic  plastics. 
For  further  information  write  Section  S-50,.  Plastics 
Divisions,  General  Electric  Company,  1  Plastics  Avenue, 
Pittsfield,  Mass. 

Hear  the  General  Electric  radio  programs:  "The  G-E  All- girl  Orchestra" 
Sunday  JO  P.M.  EWT,  NBC.  "The  World  Today"  news,  every  weekday 
6:45  P.M.  EWT,  CBS.  "G-E  House  Party"  every  weekday  4:00  P.M. 
EWT,  CBS. 

GENERAL  M  ELECTRIC 


BUY  WAR  BONDS 


•^IONICS „4s 


WORCESTER,  MASSAC 


activities.  Radio  broadcasting  and 
television  were  relisted  as  essen¬ 
tial.  Considering  the  workers  in 
the  26-29  age  group,  industries  in 
the  essential  classification  will  give 
up  their  male  employees  to  the 
armed  services  first.  Critical  and 
essential  industries  will  both  be  al¬ 
lowed  to  retain  their  men  classified 
4-F. 


December  Production.  In  com¬ 
munications  and  electronic  equip¬ 
ment,  WPB  announces  that  output 
declined  1  percent  from  November, 
resulting  in  a  4  percent  falling 
short  of  schedule.  As  to  the  total 
war  production,  there  was  an  in¬ 
crease  of  1  percent  with  a  2  percent 
deficiency.  ' 

Commercial  Standardization.  To 
advise  the  Department  of  Com¬ 
merce  and  the  American  Standards 
Association  on  future  plans  for 
standards  work,  a  committee  of  in¬ 
dustrial  executives  has  been  ap¬ 
pointed  by  the  Secretary  of  Com¬ 
merce.  Numbering  eight,  the  com¬ 
mittee  is  headed  by  Charles  E.  Wil¬ 
son,  president.  General  Electric  Co., 
as  chairman.  Included  among  other 
members  are  Frederick  M.  Feiker, 
Dean  of  Engineering,  George 
Washington  University,  and  Frank 
B.  Jewett,  president.  National 
Academy  of  Sciences. 

New  Television  Permits.  Five 
construction  permits  are  issued  by 
FCC  for  experimental  television 
broadcast  stations.  Permitees  in¬ 
clude  :  Allen  B.  DuMont  Labora¬ 
tories  (Washington,  D.  C.),  Farns¬ 
worth  Television  &  Radio  Corp. 
(Fort  Wayne,  Ind.),  Intermountain 
Broadcasting  Corp.  (Salt  Lake 
City,  Utah)  P.  R.  Mallory  &  Co. 
(Indianapolis,  Ind.)  and  Zenith 
Radio  Corp  (Chicago,  Ill.). 

BUSINESS  NEWS 

FM  Broadcasters  Inc.,  opens  new 
offices  at  1730  Eye  St.,  N.  W.,  Wash¬ 
ington,  D.  C. 

Diesel  Electric  Co.  has  purchased 
an  11-story  building  at  105  East 
106  St.,  New  York,  N.  Y.,  for  use  as 
television  facilities.  The  building 
contains  14  studios  with  ample  ceil¬ 
ing  height  and  clear  areas  suitable 
for  the  purpose. 

Columbia  Recording  Corp.  ac¬ 
quires  approximately  350,000  sq  ft 
of  space  by  purchase  of  the  Kings 


"For  the  want 
of  a  shoe"  . . . 

For  the  want  of  a 
WRENCH  a  nut 
was  loose . 

A  handy  Walden 
Worcester  wrench 
would  have  tight¬ 
ened  that  nut  •  •  • 

Special  Aircraft  WRENCHES  to 
your  order, 


A  link  between  control  and 
variable  circuit  element^  shaft 
coupling  design  can  be  an  im¬ 
portant  factor  in  proper  func¬ 
tioning  of  electronic  equipment. 

Illustrated  are  but  three  of 
many  Johnson  insulated  shaft 
couplings;  among  them  units 
providing  a  high  degree  of  flex¬ 
ibility  but  freedom  from  back¬ 
lash  common  to  others  resemb¬ 
ling  them;  rigid  types  where  ac¬ 
curate  shaft  alignment  is  re¬ 
quired  and  torque  may  be  high; 
bar  types  for  high  voltages  or 
very  high  frequencies.  All  ore 
characterized  by  best  steatite 
insulation  properly  proportioned 
ior  electrical  and  mechanical 
strength,  by  occurate  metal 
parts  finished  to  stand  salt 
spray  test,  and  by  those  little 
evidences  of  Johnson  engineer¬ 
ing  and  manufacturing  skill  that 
are  most  appreciated  only  after 
use  ond  comparison. 

Ask  for  cotolog  968(D) 


WALDEN 

WOWCESTtH _ 


Send  for  Cefilog  No. 
141  picturing  e  full  line 
of  Automobile,  Aircraft 
and  Radio  Tools. 
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An  example  of  B-L  Bat¬ 
tery  Charter  designed  to 
meet  specific  needs. 


specially  designed  B-L 
Transformer  delivers  12 
volts  from  the  i  /  5  volt  out¬ 
put  of  the  power  supply. 


B-L  Selenium  Rectifier 
converts  AC  to  DC. 


This  B-L  Battery  Charger  meets 

special  requirements  of  the  Signal  Corps 


THE  BENWOOD  LINZE  COMPANY 


St.  Louis  3 ,  Mo 


DISI6NIRS  AND  M  A  N  U  F  A  C  T  U  R  I R  S  OF  COPPIR  SULPHIDI  AND  SILINIUM  RICTIFIfRS, 
KATTIRY  CHARGIRS,  and  D.  C.  POWIR  SURPLUS  FOR  PRACTICALLY  IVIRY  RIQUIRIMINT. 
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The  problem  of  designing  and  manufacturing  a 
charger  for  Signal  Corps  equipment  which  would 
meet  the  needs  of  increased  loads  was  submitted 
to  B-L  engineers.  The  result  is  a  Battery  Charger 
producing  three  times  the  rate  originally  employed. 
It  charges  the  batteries,  and  keeps  them  charged.^  in 
the  Signal  Corps  equipment  shown  at  the  right. 

The  alternating  current  power  supply  is  con¬ 
verted  to  direct  current  by  sturdy,  specially  built 
B-L  Selenium  Rectifiers  which  meet  the  demands 
ofthis  unit  for  charging  the  6-cell  12 -volt  batteries. 

•  • .  The  Charger  itself  is  built  to  withstand  rough 
usage  and  the  severe  moisture  of  the  tropics. 

A  switch  controls  rate  of  delivery — 5  amperes 
or  15  amperes  .  .  .  The  built-in  Thermal  Circuit 
Breaker  protects  against  overloads  —  the  push 
button  resets  .  .  .  The  cut-out  relay  provides 
sgainst  any  discharge  of  batteries  in  the  event  of 
power  failure  .  .  .  Four  fasteners  permit  handy 
removal  from  or  installation  to  the  base. 


Mobile  Unit,  with  Trailer,  made  for  the  U.  S.  Signal  Corps 
by  The  Hallicrafters  Co.,  Chicago. 

Have  You  a  Conversion  Problem? 

Twenty-five  years  of  B-L  specialized  skill  in  AC-DC  con¬ 
version  problems  is  available  to  you.  We  are  designers  of 
Selenium  and  Copper  Sulphide  Rectifiers,  Battery  Chargers, 
and  DC  Power  Supplies  for  praaically  every  requirement. 
We  invite  your  inquiries  —  without  obligation. 


(C|  EISLER  Special  Tram, 
formers  and  Reactors  — 
high  or  low  voltage;  air 
cooled,  oil  immersed  or 
uncased . 


tB}  No.  i7-8L  New  Eisler  8 
heod  type  Tipless  Sealing 
Machine.  Adaptable  for  all 
types  and  sizes  of  bulbs. 


ENGINEERING  COMPANY 

I3th  STREET  NEWARK  3,  NEW  JERSEY 


Mills  plant  of  Remington  Arms  Co. 
Kings  Mills,  Ohio. 

Canadian  Radio  Technical  Plan- 
NiNG  Board  is  the  name  given  to 
an  organization  to  devote  its  non¬ 
profit  energies  to  frequency  alloca¬ 
tion  and  similar  problems  in  Can¬ 
ada. 

Capacitron  Co.  is  now  located  in 
new  and  larger  quarters  at  849 
North  Kedzie  Ave.,  Chicago  51,  lU. 
All  Capacitron  manufacturing  fa¬ 
cilities  will  eventually  be  housed 
here. 

Stromberg-Carlson  Co.  launches 
an  employee  retirement  and  pen¬ 
sion  plan  which  provides  for  the 
creation  of  a  cooperative  retir^ 
ment  income  fund  made  up  of  vol¬ 
untary  contributions  from  the  cur¬ 
rent  earnings  of  employees  with 
five  years  or  more  of  service,  and 
larger  contributions  from  the  com¬ 
pany. 

Radio  Corp  of  America  points  out 
that  it  has  built  since  the  beginning 
of  the  war  more  than  200  new  elec¬ 
tron  tubes  and  350  different  types 
of  apparatus  never  previously  man¬ 
ufactured. 

National  Broadcasting  Co.  and 
General  Electric  Co.  mark  tie 
fifth  anniversary  of  the  first  tele¬ 
vision  network  to  be  operated  as  a 
The  occasioc 


WIDELY  FAVORED  because  of 
NOISELESS  operation,  DURADILITY 
and  fine  PERFORMANCE  in 
all  climates  .  .  . 

STANDARD  RANGE 

1000  ohms  to  10  megohms 

NOISE  TESTED 


type  65X  ■ 

Actual  Si**  ,  u 

(OR  BOLLED*  31 

jua  oeimls  ^ 

Molded  sa*'**®” 
s.  s.  Whita  „,truetIon. 


other 


At  slight  additional  cost,  resistors  in 
the  Standard  Range  are  supplied  with 
each  resistor  noise  tested  to  the  follow* 
ing  standard:  "For  tho  complete  audio 
frequency  range,  resistor  shall  hove 
less  noise  than  corresponds  to  a 
change  of  resistance  of  1  port  In 
1,000,000." 

HIGH  VALUES 

I  15  megohms  to 

r  1,000,000  megohms 


service  to  the  public, 
was  the  establishment  of  the  relay 
station  atop  Helderberg  mountain 
to  connect  WNBT  and  WRGB. 

C.  J.  Tagliabue  Mfg.  Co.,  Brooklyn, 
N.  Y.  has  been  taken  over  by  Port¬ 
able  Products  Corp.,  Pittsburgh, 
Pa.,  and  will  be  operated  as  a  sep¬ 
arate  division  of  the  latter  corpor¬ 
ation. 

International  Business 
HINES  Corp.  and  General  Electbx^ 
Co.  plan  to  increase  the  scope  of 
their  proposed  television  and  relay 
network.  Following  the  first  circuit 
which  is  to  link  New  York  and  Sche¬ 
nectady,  further  facilities  will  con 
nect  New  York  and  Washington 
via  Philadelphia  and  Baltimore 


The  CHAS.  EISLER  line  of  specialized  of  devices  for  vacuum  tube  manufe 

electronic  tools,  machines  and  devices  is  _ gig,,  |g|,g  cuHers,  slicers,  stem 

complete  and  diversified.  Included  are  ,  „  „  . 

,  ^  .  sealing  machines  as  well  as  an  all-i 

innumerable  types  of  welders  —  spot,  ^ 

seam,  butt,  rocker,  arm,  pneumatic  and  transformers  for  every  ii 

special  types.  Also  included  ore  hundreds  trial  and  general  need. 

_  *  EISIER  servat  99%  of  Americon  vacuum  lube  pro- 

^  A  X  ducers  today.  Wrifla  lor  completely  illur*rotod  catalog 

n  now — you  incur  no  obligation. 
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MQ  TOOL  &  DESIGNING  COMPANY 
13  METAL  STAMPING  COMPANY 

Kensington  Avenues.  Philadelphia  24.  Pa. 
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plete  production  lines.  A  complete  plant, 
equipped  with  the  last  word  in  precision 
machines  and  testing  equipment,  enables 
them  to  build  and  prove  the  means  for 
making  your  products  better,  faster  and  at 
lower  costs. 

Atlas  service  is  all-inclusive  or  partial,  as 
your  needs  dictate.  We  work  in  cooperation 
with  your  staff  or  "on  our  own"  .  .  .  for 
large  or  small  programs,  an  intricate  multi' 
purpose  machine  or  a  single  part  .  .  - 
electronics,  plastics,  fine  instruments,  trans- 
portation,  refrigeration  .  .  . 

If  you  are  understaffed  .  .  .  too  busy  with 
war  work  ...  or  need  specialized  aid  .  .  .  call 
Atlas  for  a  consultation.  Brochure  on  request. 


ond  uiB  cun  scrap  fOUR  slum 


Standard  machine  tools,  made  in  America  by 
the  world’s  leading  industry  of  its  type,  are 
winning  the  wars.  They  are  the  envy  of  our 
enemies  .  .  .  the  backbone  of  our  future. 

But  there  are  products  .  .  .  many  of  them 
.  .  .  which  require  specially  designed  high 
speed  automatic  machinery  to  put  them  eco¬ 
nomically  within  the  reach  of  all.  This  is  a 
peacetime  problem  soon  to  confront  industry. 

It  is  also  a  problem  which  many  "name” 
companies  are  now  entrusting  to  Atlas  for 
solution.  We  have  the  personnel  .  .  .  300  or 
more  specialists  .  .  .  Engineers,  Designers 
and  Toolmakers,  whose  varied  experience  is 
pooled  for  the  creating  of  products,  tools, 
dies,  jigs,  special  machinery  and  even  com¬ 


TECHIVICAL 

IVOTES 

Excerpts  from  New  Home 
Study  Lessons  Being  Pre¬ 
pared  under  the  Direction 
of  the  CREI  Director  of 
Engineering  Texts 


Engineers! 

Send  for  This  Free 
Series  of  Articles  on 

CIRCUIT 

EQUIVALENTS 

CREI  has  just  released  Part  VI  in 
a  series  of  articles  on  the  subject  of 
"Circuit  Equivalents.”  The  topic  un¬ 
der  discussion  should  prove  particu¬ 
larly  interesting,  both  to  the  audio 
and  the  radio  engineer,  because  trans¬ 
formers  are  analyzed  both  of  the 
audio  and  r.f.  t)^s.  Specifically,  the 
question  of  reflecting  a  secondary 
load  across  the  primary,  as  in  the  case 
of  audio  transformers,  or  in  series 
with  the  primary,  as  in  the  case 
of  r.f.  transformers,  is  discussed  just 
so  that  the  engineer  may  appreciate 
that  these  two  viewpoints  are  in  har¬ 
mony  with  one  another.  Which  one 
is  employed  is  merely  a  question  of 
circuit  convenience. 

The  above  is  but  one  of  a  vari¬ 
ety  of  topics  that  are  discussed  in 
this  interesting  series  which  appear 
monthly  in  our  publication,  THE 
CREI  NEWS.  This  little  paper  is 
sent  free  to  interested  subscribers. 
Merely  send  us  your  name  and  ad¬ 
dress  and  ask  for  the  March  issue  of 
the  CREI  NEWS,  including  the  ar¬ 
ticle  on  Circuit  Equivalents.  This 
will  come  to  you  free  of  charge  and 
you  incur  no  obligation  whatsoever. 

The  subject  of  "Circuit  Equiva¬ 
lents”  is  but  one  of  many  that 
are  being  constantly  revised  and 
added  to  CREI  lessons  by  A. 
Preisman,  Director  of  Engineer¬ 
ing  Texts,  under  the  personal 
supervision  of  CREI  President, 

E.  H.  Rietzke.  CREI  home  study 
courses  are  of  college  calibre  for 
the  professional  engineer  and 
technician  who  recognizes  CREI 
training  as  a  proved  program  for 
personal  advancement  in  the  field 
of  Radio-Electronics.  Complete 
details  of  the  home  study  courses 
sent  on  request.  .  .  . 

Ask  for  36-page  booklet. 

CAPITOL  RADIO 

Engineering  Institnte 

E.  H.  RIETZKE,  President 

Home  Study  Courses  in  Practical  Radio- 
Electronics  Engineering  for  Professional 
Self -I  mprovement 

Dept.  E-3,  3224  —  16th  St..  N.W. 

WASHINGTON  10.  D.  C. 

Contractors  to  the  U.  S.  Navy  —  U.  S. 
Coast  Guard — Canadian  Broadcasting  Corp. 
—  Producers  of  Well-trained  Technical 
Radiomen  for  Industry. 


eral  MacArthur’s  forces  in  the 
Lingayen  Gulf  invasion. 

Sylvania  Electric  Products 
opens  its  twenty-third  plant,  a  unit 
located  at  Jamestown,  N.  Y.,  for 
production  of  parts  for  electron 
tubes  and  other  electrical  equip¬ 
ment. 

Croname  Inc.  is  the  new  name  of 
Crowe  Name  Plate  &  Manufactur¬ 
ing  Co.,  Chicago,  Ill. 

North  American  Philips  Co.  has 
delivered  its  millionth  quartz  crys¬ 
tal  unit  to  the  U.  S.  Army  Signal 
Corps. 

PERSONNEL 

John  Hutchings  goes  from  chief 
engineer  to  vice  president  in  charge 
of  engineering  at  Continental  Elec¬ 


tric  Co.  Mr.  Hutchings  has  been 
working  on  the  development  of  in¬ 
dustrial  electron  tubes. 

Frederick  E.  Terman  is  dean  of 
the  Stanford  University  School  of 
Engineering.  He  will  assume  his 
duties  upon  release  from  his  pres¬ 
ent  position  as  head  of  the  Govern¬ 
ment  Radio  Research  Laboratory 
at  Cambiidge,  Mass. 

F.  J,  Bingley,  chief  television  en¬ 
gineer,  Philco  Radio  &  Television 
Corp.,  Philadelphia,  Pa.,  succeeds 
Robert  L.  Gibson  as  vice  president 
of  Television  Broadcasters  Associa¬ 
tion.  He  also  has  been  appointed  to 
the  post  of  engineering  committee 
chairman  for  1945. 

Clinton  R.  Hanna  is  appointed  as¬ 
sociate  director  of  the  Westing- 
house  Research  Laboratories.  Mr. 


SIZES 

CREATIVE 
GROMMETS 


rjGEARED  COLLARS 


I.D.  SIZES /s' TO 
'/2"  CLEARANCE 


FINE  THREAD 
ASSURES  SNUG  fill 


CHAMFERED 

EDGES 


THREADS  CLEAii 
AND  LUBRICATED 


Four  additional  larger  sizes  of 
CREATIVE  GROMMETS{up 
to  Vz"  inside  diameter)  are  now 
available  to  manufacturers  and 
assemblers  of  radio,  electronic 
and  electrical  instruments. 


lere’s  a  quick  way  to  determine 
low  the  above  seven  basic  ad¬ 
vantages  of  these  100%  phenolic 
ilastic  grommets  can  improve 
'our  assembly. 


Send  for  our  new 
sample  card  containi^i 
all  eight  standard  sizes- 
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PLASTICS 

978  KINT  AVI.  BROOKLYN  5,  NlW 
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Post-war  electronics  demands  new  instruments 


r^HL  As  the*'era  of  electronics”  approaches,  it  is  increas-  -hp-  instruments  are  in  the  vanguard  of  these  new  develop- 
^  ingly  evident  that  the  need  for  more  accurate,  highly  ments.  New  -hp-  oscillators,  signal  generators  and  vacuum  tube 
^lalized  instruments  becomes  greater.  Many  of  the  fore-  voltmeters  are  setting  new  standards  for  rugged  construction 
f'lnners  of  such  instruments  are  already  perfected  and  in  use  /and  split-hair  accuracy.  Technical  data  on  these  and  others 
to4y,  but  they  are  still  under  cover  of  strict  military  censor-  /  not  yet  perfected  are,  of  course,  not  available  today,  but  the 
When  these  new  developments  and  others  now  in  the  time  is  not  far  off  when  they  can  be  released, 
process  of  development  are  released  —  not  all,  but  In  contemplating  the  improvement  of  your  labo- 

^rtainly  a  good  many  of  the  commonly  known  in-  ratory  or  the  alteration  of  your  production  with 

foments  will  instantly  become  obsolete.  In  your  post-war  activities  in  mind,  it  will  pay  you  to  consult 

pans  for  post-war  activity  you  should  make  careful  m  M  M -hp-  engineers.  These  new  instruments  may  be  the 

^  of  this  fact,  for  it  may  save  you  valuable  time  in  w  answer  to  your  problem.  Please  give  us  full  details 

plant  or  product  conversion.  so  we  can  be  of  maximum  assistance. 


HEWLETT-PACKARD  COMPANY 

BOX  931A  STATION  A  •  PALO  ALTO,  CALIFORNIA 

CANADIAN  OFFICE:  560  KING  STREET  WEST,  TORONTO  2 
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10,000  PARTS  immetlialely 

available  on  priorities. 

SAME-DAY  SERVICE 

Trained  expeditors  fill  your 
order  the  day  tve  receive  it. 

SINCE  1922  U'e  have  been 

known  as  reliable  and 
responsible  jobbers,  wholesalers 
and  manufacturers,  of  radio 
and  electronic  etpiipment. 


tlabio 


WORLD'S  LARGEST 
RADIO  SUPPLY  HOUSE 


()ri}j;inalors  an<l 
Peacetime  Marketers 
of  the  celebrated 

JjifayeUeMo 

Write  today  for  our  bargain 
flyers  and  special  bulletins. 


Hanna  is  inventor  of  the  tank-gun 
stabilizer  which  has  been  widely 
publicized. 

William  E.  Cairnes,  eight  years 
with  Galvin  Manufacturing  Corp., 


Chicago,  Ill.,  becomes  chief  engi¬ 
neer  for  the  home  radio  division. 

Paul  A.  Porter  is  confirmed  by  the 
Senate  in  his  appointment  as  FCC 
chairman.  Mr.  Porter  was  for¬ 
merly  general  counsel  for  Columbia 
Broadcasting  System. 

0.  B.  Hanson,  vice  president  and 
chief  engineer,  National  Broadcast¬ 
ing  Co.,  is  appointed  chairman  of 
the  Television  Station  Operations, 
Standards  and  Personnel  Commit¬ 
tee  of  Television  Broadcasters  As¬ 
sociation  for  1945. 

Gus  Wallin  becomes  assistant 
chief  engineer  of  the  home  radio 
division  of  Galvin  Manufacturing 


Corp.,  Chicago,  Ill.  Mr.  Wallin  has 
been  with  the  company  for  five 
years. 

D.  W.  Rentzel,  president.  Aero¬ 
nautical  Radio  Inc.,  becomes  vice- 
chairman  of  the  Radio  Technical 
Commission  for  Aeronautics. 

Roger  M.  Wise  becomes  vice  presi¬ 
dent  in  charge  of  engineering,  Syl- 
vania  Electric  Products  Inc.  He 
goes  to  the  new  post  from  the  posi¬ 
tion  of  director  of  engineering. 

Frank  B.  Jewett,  chairman  of  the 
National  Defense  Research  Com¬ 
mittee,  is  an  honorary  member  of 
the  New  York  Electrical  Society, 
New  York,  N.  Y.  Dr.  Jewett  has 


An  Unusual 
EMPLOYMENT 
OPPORTUNITY 


I  The  world  wide  demand 
I  for  Seismic  Crews  provided 
I  by  Seismograph  Service 
I  Corporation  requires  an  Im- 
I  mediate  expansion  of  its 
I  technical  personnel, 

I  Men  with  training  and 
I  experience  particularly 
I  in  Geology,  Physics, 

I  Mathematics  or  Elec- 
f  tronics,  who  wiil  enter 
foreign  service  are  of¬ 
fered  an  opportunity 
leading  to  responsible 
positions  in  petroleum 
exploration. 

Applicants  who  qualify  will 
be  given  training  in  SSC 
I  methods,  and  those  who 

S 

I  show  promise  may  be  sent 
1  to  South  America  for  further 
I  field  experience,  and  when 
I  proved  competent  will  be 
I  considered  tor  assignments 
I  on  Seismic  crews  throughout 
I  the  world. 

I  • 

I  Applicants  in  the  U.  S.  A.  must  | 
I  comply  with  the  regulations  of  the  | 
I  War  Manpower  Commission.  | 

!  In  writing  for  details  as  to  training,  j 
I  salary,  living  allowances,  etc.,  \ 
I  please  state  your  qualifications  and  | 
1  age.  I 

SEISMOGRAPH 
I  SERVICE  CORPORATION  { 

i  .  Kennedy  Building  | 
I  TULSA,  OKLAHOMA,  U.5A.  | 
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radio  compass 


terminals 


and  made  them  faster 


and  better  for  less 


Name 


*^^ONlC5  — AforcA  194$ 


Scovill  Electronents*  may  give  you  the  same  competitive  advantages 


charted 


a  new  “course  for 


Electric  terminals  for  radio  compasses 
wre  needed  faster  than  screw  ma¬ 
chines  could  turn  them  out  of  rod 
Stock.  Asked  to  suggest  a  speedier 
method,  Scovill  recommended  stamp¬ 
ing  them  out  of  sheet  metal.  Given 
'hejob,  Scovill  produced  many  more 
'^nninals  per  day  at  a  much  lower 
^n»t...and  paid  an  extra  dividend  in 
•ht  form  of  better  electrical  proper- 
nts.  That  was  because  the  sheet  brass 


used  had  a  higher  copper  content  and 
higher  conductivity  than  the  brass  rod 
necessary  in  the  former  method. 

With  the  same  kind  of  ingenuity 
applied  to  your  small  electronic  com¬ 
ponents  or  complete  assemblies,  the 
chances  are  that  Scovill  can  save  you 
time  and  money.  Investigate  the  de¬ 
signing  service,  manufacturing  ability 
in  all  metals,  and  wide  range  of  metal¬ 
working  facilities  that  have  won  for 


Scovill  the  title  of '^Masters  of  Metal”. 
Fill  in  coupon  below  and  mail  today. 

‘Electronents  =  Electronic  Components 


!c^  ^  copy  of  "Masters  of  Metal”  booklet  de- 

nbing  your  facilities.  I  am  interested  in  the  ELECTRONENT* 
'Pphcations  checked. 

□  ^teries  □  Dials  □  Panels 

□  Cl’  Changers  Q  Escutcheons  Q  Sockets 

PI  p  P*  •  □  Jacks  □  Stampings  (misc.) 

UUndensers  □  Lugs  □  Tubes 

application  j . 


□  Panels 
Q  Sockets 

Q  Stampings  (misc.) 

□  Tubes 


KCOVILL  MAIVUFACTUKING  COMPANY 

Electronic  Division 

22  Mill  Street,  Waterbury  91,  Connecticut 


Company 

Address... 


MANUFACTURING  COMPANY 

WATERBURV,  CONN. 


just  retired  as  vice  president  of 
AT&T. 


Walter  S.  Schultz  Jr.  is  ap- 
pointed  plant  manager  of  Madison 
Electrical  Products  Corp.,  Madison, 
N.  J.  He  has  been  associated  prev* 
iously  with  Western  Electric  Co. 
and  with  Measurements  Corp. 

Dunford  Kelley  goes  from  Littel- 
fuse  Inc.  to  Universal  Microphone 
Co.,  Inglewood,  Calif.,  as  electro¬ 
mechanical  engineer.  His  duties 
will  be  related  to  Army,  Navy  and 
postwar  production  of  microphones. 

J.  H.  Dellinger,  chief  of  the  radio 
section  of  the  Bureau  of  Standards 
is  relected  chairman  of  the  Radio 
Technical  Commission  for  Aeronau¬ 
tics. 

Joseph  W.  Chaplin  becomes  di¬ 
rector  of  communications  for  Press 
Wireless,  Inc.  to  succeed  D.  K.  de- 
Neuf.  Mr.  Chaplin  is  former  world 
champion  telegrapher. 

J.  L.  Fields  is  appointed  to  the 
staff  of.  RCA  Mexicana  SA  as  tech¬ 
nical  consultant  to  RCA  film  sound 
recording  licensees  in  Mexico.  His 
headquarters '  will  be  in  Mexico 
City. 

Reg  M.  Brophy,  Canadian  Marconi 
Co.,  Montreal,  becomes  president  of 
the  newly  organized  Canadian  Ra¬ 
dio  Technical  Planning  Board. 


AWARDS 

Workers  of  the  following  con¬ 
cerns  in  the  electronic  field  have 
been  awarded  Army-Navy  E  bur¬ 
gees  for  excellence  in  production: 

Barker  &  Williamson 

Upper  Darby,  Pa. 

C.  P.  Clare  &  Co. 
Chicago,  Illinois 

Commercial  Controls  Cobp. 
Plants  A  and  B 
Rochester,  N.  Y. 

National  Carbon  Co. 

Cleveland,  Ohio  , 

Pacific  Sound  Equipment  Co. 

Los  Angeles,  Calif. 

Sparks-Withington  Co. 

Jackson,  Mich. 

Mo«* 


TRY  SILVER  GRAPHALLOY 


fOR  BRUSHES 

High  current  density,  low  contact  drop,  low 
electrical  noise,  and  self-lubrication  ore 
characteristics  of  this  silver-impregnated 
molded  graphite  that  may  be  the  answer 
to  your*  electrical  brush  problems 


FOR  CONTACTS 

low  contact  resistance  and  non-welding 
when  breaking  surge  currents  are  inherent 
properties  of  this  unique  combination  of 
conductive  silver  and  self-lubricating 
graphite. 


SAMPLES  of  Silver  Graphalloy  will  be  gladly  furnished  for  test  on  your  applications. 
Silver  Graphalloy  is  usually  silver  plated  to  permit  easy  soldering  to  leaf 
springs  or  holders.  Why  not  WRITE  NOW  for  your  test  somples? 

GRAPHITE  METALLIZING  C0RP0RATI0N-<Rs|m 

loss  NEPPERHSH  A*E  -  VOHKERS,  NEW  YORK 


...for  Special  Temperature  Problems 

•  • 

#  Some  very  unusual  temperature  indication  and  control 
problems  have  been  put  up  to  H-B — such  as,  checking  tempera¬ 
ture  of  oir  that  has  been  used  to  cool  transmitter  tubes,  the  meas¬ 
urement  of  gun  breech  surface  temperatures,  checking  hydraulic 
brake  oils  at  minus  70°  F.  with  mercury-thallium  thermometers,  etc. 


For  these  and  other  unusual  temperature  problems,  we  have  been 
able  to  furnish  or  design  and  build  special  equipment,  including 
thermometers,  thermostats,  relays  and  thermo-regulators.  Drop  us 
o  line!  We  can  probably  be  of  assistance  to  you.  Instruments 
supplied  singly  or  in  quantity  lots,  by  a  company  with  29  years 
of  successful  experience.  H-B  Instrument  Company,  2524  No. 
Broad  St.,  Philadelphia  32,  Pa. 


^  OOUIK  — 

THERMOMETERS  •  THERMOSTATS  •  RELAYS 
THERMO-REGULATORS  •  HYDROMETERS 


^  An  Invitation  to  All  Electrical  Designers  to 
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The  Electric  Eye  Door  Opener  is  already  widely  in  use  in  restaurants  ond  other 
public  buildings  ...  In  hospitals,  where  sanitation  is  of  even  more  importance, 
it  is  still  comparatively  new.  Located  between  major  operating  rooms  and  the 
doctors'  scrub  room  it  makes  possible  the  automatic  opening  and  closing  of 
doors  without  touch  of  hands.  These  controls  are  the  result  of  the  merging  of 
Yale  and  Towne's  extensive  knowledge  of  mechanical  door  devices  with  the 
Electronic  engineering  of  United  Cinephone  Corporation.  They  con  be  set  to 
operate  within  whatever  interval  of  time  is  required  between  the  opening  and 
closing  of  the  door. 
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Eluctroaic  field*  we  cover  include: 

1.  Induatrial  Control* 

2.  Aircraft  Communication* 

3.  Teat-Laboratory  Equipment 

4.  Radio  and  Audio  Equipment 


■sms. 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


Automatic  Selector 

Model  FTR-800  is  a  compact  auto¬ 
matic  selector  which  functions  as  a 
high  speed  multi-contact  switch  for 
use  as  an  automatic  timing  or  re¬ 
mote  control  device  for  railroad, 
radio,  airport  and  other  industrial 
applications.  This  unit  will  make  a 


connection  between  a  number  of 
given  circuits  and  a  similar  num¬ 
ber  of  other  circuits,  each  pre¬ 
selected  from  a  group;  control  and 
perform  various  operations  among 
a  group  of  circuits  by  making  con¬ 
secutive  individual  connections ; 
and  act  as  a  timing  device  or  switch 
when  it  is  used  in  connection  with 
time-phlsing  apparatus.  It  may  also 
be  used  in  telegraph  or  electronic 
equipment,  remote  control  and  sig¬ 
nalling  systems,  testing  and  radio 
control.  The  rotor  assembly  of  the 
unit  is  operated  by  a  stepping  me¬ 
chanism  which  responds  to  im¬ 
pulses  of  current.  The  stepping  me¬ 
chanism  can  be  controlled  manually 
by  a  dial  or  by  other  means.  Auto¬ 
matic  control  for  the  stepping  mag¬ 
net  can  be  provided  by  interrupter 
springs,  electronic  circuits  or  relay 
circuits.  Wipers  are  available  in 
either  double-ended  or  single-ended 
tsrpes  and  can  be  either  bridging  or 


non-bridging  and  the  type  of  wiper 
determines  the  capacity  of  the  se¬ 
lector.  The  unit  is  extremely 
rugged,  measures  2ix3ix3i  in.,  and 
has  been  designed  for  operating 
life  of  4,000,000  revolutions  at  op¬ 
erating  speeds  up  to  60  steps  per 
sec. 

Federal  Telephone  &  Radio  Corp., 
Newark,  N.  J. 

Plug-In  Relay 

The  relay  mechanism  of  this  new 
plug-in  type  relay  is  encased  in  a 
cylindrical  metal  housing  2J  in.  in 
diameter  and  3J  in.  high.  It-  is 
rigidly  supported  against  shock  by 
means  of  a  key  in  the  center  of  an 
insulating  disc  which  fits  snugly 
in  the  top  of  the  case.  Relays  are 
made  to  operate  on  standard  volt¬ 
ages  up  to  115  V,  ac  or  dc.  These 


newer  units  are  a  modification  of 
units  used  in  small  radio  transmit¬ 
ters,  aircraft  control  circuits,  and 
similar  applications  where  space  is 
limited.  DP,  DT  contacts  are  rated 
4  amp  at  116  v,  60  cycles  ac,  and  at 
24  V  dc,  i  amp  from  25  to  116  v  dc. 

Ward  Leonard  Electric  Co., 
Mount  Vernon,  N.  Y. 

Stroboscope 

Model  No.  1200  stroboscope  is  a 
newly  developed  instrument  which 


increases  the  range  through  which 
moving  objects  can  be  examined. 
Rotary  speeds  from  600  to  600,000 
rpm,  or  vibrations  from  10  to  10,- 
000  cps  can  be  stopped  and  studied. 
A  light  source,  mounted  in  a  small 
probe  at  the  end  of  a  5-ft  flexible 
cord  makes  it  possible  to  view  small 
objects  at  close  range.  Motion  of 
objects  moving  at  irregular  speeds 
can  also  be  examined.  Where  ex¬ 
treme  accuracy  is  desired,  the  unit 
can  be  operated  from  an  external 
tuning  fork  or  crystal  standards. 
The  necessity  for  constant  read¬ 
justment  of  the  repetitive  rate  is 
eliminated  by  the  use  of  a  stable 


audio  oscillator  from  which  pulses 
are  derived,  and  which  insures 
clearly  defined  images  at  hijdi 
speeds.  The  intensity  of  light  and 
the  duration  of  pulse  length  are 
controlled  by  a  light-intensity  con¬ 
trol  switch. 

Communication  Measurements 
Laboratory,  120  Greenwich  St, 
New  York,  N.  Y. 

Tropical  Dry  Battery 

Though  at  the  present  time  these 
batteries  are  being  manufactured 
for  the  military  only,  readers  will 
be  interested  in  a  new  type  of  dry 
battery  which  is  especially  useful 
in  the  tropics  and  which  is  being 
used  by  the  government  in  portable 
field  communication  and  ordnance 
equipment  which  require  a  self-con¬ 
tained  source  of  electrical  energy. 

Samuel  Rubin,  associated  with 
P.  R.  Mallory  &  Co.,  Inc.,  IndiM- 
apolis,  Ind.,  and  an  inventor  with 
achievements  to  his  credit  in  the 
fields  of  electro-chemistry,  inven^ 
the  new  type  of  battery  cells  whid 
are  made  up  of  a  combination  of 
materials  and  construction  wf 
heretofore  combined.  The  cells 
(comprising  the  battery)  havewhnt 
is  called  a  flat  discharge  character- 
istic.  , 

^  The  new  type  battery  has 
advantages  over  ordinary  dry  ^ 
batteries.  It  will  withstand  hig 
temperatures  and  provides  fr<® 
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Presents  to  the  Electrical  Industry 

HERMETICALLY  SEALED 
MINIATURE  I'A"  METER 


OVERNIGHT 

DELIVERIES 


four  to  six  times  the  operating  life. 
Shelf  life  is  greatly  improved.  The 
cells  are  hermetically  sealed  and 
possess  the  same  ampere-hour 
service  life  (within  rated  cur¬ 
rent  range)  whether  the  battery  is 
operated  intermittently  or  contin¬ 
uously.  Voltage  (within  practical 
limits)  is  maintained  con.stant  up 
to  the  end  of  the  cell  life.  Under 
normal  conditions  no  recovery  time 
is  required. 

Licenses  to  manufacture  these 
batteries  have  been  granted  by  the 
Mallory  Company  to  the  following 
companies:  Ray-O-Vac,  Magnavox 
Corporation  and  Sprague  Electric 
Company. 


Speaker,  Driver  Unit 

Model  DR-12  permanent  magnet 
loudspeaker  has  a  voice  coil  im¬ 
pedance  of  16  ohms,  and  a  power 
rating  of  15  w.  Its  overall  length 
measures  7i  in.  The  bell  diameter 
measures  7  in.  All  internal  parts 
of  the  horn  are  die  cast.  The  unit  is 
waterproof  and  has  universal 
mounting  brackets  for  either  sur¬ 
face  or  pipe  mounting.  The  speaker 
is  supplied  with  type  PM-27  “dyna- 
flux”  driver  unit  which  has  a  diam¬ 
eter  of  3  in.  and  an  over-all  height 
of  2|  in. 

Atlas  Sound  Corp.,  1443  39th  St., 
Brooklyn  18,  N.  Y. 


Ill  I  Emergency  Service 
scores  again!  Now, 
,we’ll  deliver  overnight 
by  air  express  anywhere  in  the 
U.S.A.!  Just  ask  for  AIR  EX¬ 
PRESS  Shipment  when  you 
order  items  of  unusual  ur¬ 
gency.  We’ll  pay  half  the  ex¬ 
press  charges  on  any  emergency 
shipment  weighing  not  over 
three  pounds! 

High  speed,  coast-to-coast  overnight 
deliveries  are  giving  Industry  every¬ 
where  an  entirely  new  conception  of 
emergency  service  on  Radio  and 
Electronic  Supplies.  Industries, 
driving  hard  on  vital  research  or 
production,  save  time  and  trouble; 
maintain  tight  schedules  by  relying 
on  W-J. 

Write  today  for  ta-  ^ ^  , 

ble  of  air  express 

rates  and  the  new 

W-J  Radio  and  ^ 

Electronic  Equip-  ijKS  / 

ment  Book  that 

lists  many  prod-  A 

nets  never  cata- 

loged  before ! 


SKYDYNE  CABINETS 
for  Portable 
Clectronk  Equipment 


They're  as  rugged  as  the  combat  corps- 
men  they  serve — yet  so  light,  they  odd 
only  ounces  to  the  delicate  radio  equip¬ 
ment  they  protect!  And  these  famous 
Skydyne  cabinets,  serving  overseas  with 
the  U.  S.  Signal  Corps,  are  now  availabi* 
for  your  electronic  products. 


Relay  Series 

No.  50XBX  IS  A  NEW  2-coil,  latch 
interlock  relay  series  and  is  an 
addition  to  the  manufacturer’s 
“Memory”  relay  types.  A  new  style 
positive  interlock  between  the  two 
symmetrical  operating  elements  is 
utilized.  This  latch  requires  no  ex¬ 
traneous  parts  other  than  integral 
extensions  of  the  coil  armatures 


FORM  -  MOLDED  "SANDWICH" 
CONSTRUCTION  IS  LIGHTER 
.  .  .  STRONGER 

Skydyne  combines  greofer  strength  with 

less  weight  than  any  other  instrumtirt- 
. — ^  housing  material, 

j  Form-molded  to  exact 

specifications,  Sky- 
P  !j.-/  dyne  is  laminated  on 

- 1'  a  balsa,  cork  or  light¬ 
weight  synthetic  core 
— faced  with  plywood,  metal  or  other  sur¬ 
facing  material.  Modern  electronic  shield¬ 
ing  is  incorporated  in 
the  cabinet  itself.  /  ' 

Complex  shapes  and 
curvatures  are  pos-  ((  jj 

sible  without  compli-  ~ 
cated  design,  pro¬ 
duction  or  assembly  problems.  Skydyne 
assures  an  attractively  streamlined  one- 
piece  cabinet  that  stands  up  to  roug 
handling,  resists  heqt,  vibration,  soun  . 


^(uUo  a/neC. 


themselves.  It  operates  positively 
from  a  momentary  impulse.  Appli¬ 
cation  of  power  to  one  coil  latches 
the  contacts  into  one  position. 
Power  then  applied  to  the  other  coil 
throws  the  contacts  into  a  latched- 
in  second  position.  A  third  un¬ 
latched  position,  useful  for  certain 
applications^  can  be  obtained  by 


GENTLEMEN:  Please  send  me  a  free  copy 
of  your  Reference  Book  &  Buyer’s  Guide. 
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energizing  both  coils  simultan¬ 
eously.  Make  -  before  -  break,  or 
break-bfore-make  contact  combin¬ 
ations  are  readily  obtained. 

Relays  are  produced  in  ratings 
from  6  to  200  amp  or  more,  and 
with  practically  any  desired  contact 
arrangement.  Standard  types  pro¬ 
vide  for  two  auxiliary  contacts  (one 
in  each  coil)  to  obtain  operation 
over  a  wide  range  of  voltages,  ac 
or  dc.  The  units  are  small  and 
compact.  A  typical  unit.  Type 
50XBX1O3,  has  DP,  DT  main  con¬ 
tacts,  and  is  rated  6  amp  at  24  v  dc. 
It  measures  3  Fs  x  1«  x 

Struthers-Dunn,  Inc, 

St,  Philadelphia  7,  Pa, 
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Variable  Voltage 
Transformer  ’ 

These  transformers  are  desig¬ 
nated  as  Vari-Former.  They  are 
available  for  one  or  three  phase  use. 
Voltage  is  continuou.sly  variable 
without  circuit  interruption  from 
zero  to  maximum  values.  A  self¬ 
aligning  solid  silver  contact  pro¬ 
vides  small  increment  voltage 
change  throughout  the  range  of  the 
device.  The  contact  is  finger-tip 
controlled  by  a  single  knob.  No 
carbon  bru.shes  are  used.  Incre- 


by  the  use  of 

DOW-CORNING  FLUID  ^200 


This  new  method  for  waterproofing  ceramic  surfaces  results 
in  increased  electrical  resistance  and  improved  performance 
of  equipment  under  conditions  of  high  humidity  and  con¬ 
densation.  Application  of  Dow-Corning  Fluid  No.  200  to 
ceramic  bodies  coats  them  with  an  extremely 
thin  film  of  silicone.  It  will  adhere  effec¬ 
tively  even  when  immersed  for  days  in  sea 
water  and  does  not  collect  dust  or  cor¬ 
rode  metals;  nor  will  it  react  with  organic 
materials.  It  has  a  power  factor  of  the 
order  of  .005%  and  is  effective  up  to 
1  50°C.  It  also  acts  as  a  neutral’ flux 
for  soldering,  and  is  not  removed 
by  contact  with  organic  solvents. 

For  further  applications  and  engi-  y 
neering  data  write  or  phone. 


®ented  increase  is  in  the  order  of 
1.75  v  or  less.  Standard  units 
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A  compact  unit 
for  clarity  in 
VOICE 

REPRODUCTION 


UNIVERSITY 

laboratories 

225  VARICK  STREET 


HIGH-EFFICIENCY 
ANNOUNCING  SPEAKERS 


This  unit  spcciolly  designed  for  volci  rt* 
production— has  greater  capacity  Ihon 
any  speaker  of  comparable  site.  It  it  per* 
ticularly  recommended  for  paging  and  on* 
nouncing  applications.  Available  in  tw« 
types,  IBS  and  1BR  for  60°  and  rodbl 
dispersion  with  capacities  of  12  and  If 
watts  respectively.  Frequency  retponMlff 
to  5000  cycles.  Diameter  of  both  mti** 
only  9".  Both  are  water  proof, 
proof  and  will  operate  continuously  ***** 
doors  under  severest  climatic  conditio** 
Hermetically  sealed  driver  units  and  iwi«tl 
mounting  bracket  are  standard  equip*"***' 
on  1 B8  and  1 BR  speakers.  Write  todoy  I** 
complete  information  and  technicol  do** 
on  all  UNIVERSITY  projectors.  loudtp*oli*'‘ 
ond  driver  units. 
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ROM  every  buying  angle  —  manufacturing  resourcei.  range  of  prod- 
ucts,  unimpeachable  ciuolity,  fast  delivery  service  and  price  —  YOUR 
SOURCE  FOR  FASTENERS  IS  IMPORTANT! 

Thousands  of  manufacturers,  large  and  small,  have  found  STRONGHOLD 
o  dependable  source  —  millions  of  pieces  in  stock  for  immediote  delivery: 
feut  fabrication  delivery  dates  on  fasteners  that  require  production. 


HEX-SCRU 

A  new,  multi-use,  multi-drive  fostener  with  countless  proc- 
ticol  opplications  and  adaptability  for  all  methods  of  hand 
or  power  driving.  Ask  for  samples,  plus  technical  and 
engineering  data.  Learn  how  HEX-SCRU  will  speed, 
strengthen  cmd  strecnnline  your  assemblies. 


MANUFACTURERS  SCREW  PRODUCTS 

West  Hubbard  Street.,  Chicago  10.  llliRois 

ft’s  Faster  to  Telephoee— Calf  Whftehaff.  4680 


Insulated  Resistors 

TWO  MANUFACTURERS  announce  in¬ 
sulated  resistors.  One  of  these  is 
Type  CM  insulated  resistors  which 
have  been  specifically  designed  to 
meet  recent  Army-Navy  specifica¬ 
tions.  They  are  integrally  molded 
in  one  operation  and  are  available 
in  J  (RC-10) ;  i  (RC-21) ;  and  1-w 
(RC'SO)  sizes  in  all  required 
ranges.  The  units  meet  salt-water 
immersion  specifications  and  have 
good  stability  under  load  (the  aver¬ 
age  change,  according  to  the  manu¬ 
facturer,  is  less  than  5  percent 
after  1000  hours  under  test  at  full 
load).  These  are  available  from 
Stackpole  Carbon  Co.,  St.  Marys, 


The  second  manufacturer  is  the 
International  Resistance  Company 
which  announces  a  new  addition  to 
the  BT  line  resistors.  The  new 
series  is  designated  BTA  and  is 
designed  .particularly  for  applica¬ 
tions  requiring  AWS  RC30  Specifi¬ 
cations.  New  units  measure  0.718 
in.  long  and  0.250  in.  in  diameter. 


They  are  rated  1  w  at  40-deg-C 
ambient  temperature,  and  a  voltage 
rating  of  500  v.  Minimum  range  is 
330  ohms.  Standard  maximum 
range  is  20  megohms.  Higher 
ranges  are  available  on  special  or¬ 
der.  401  N.  Broad  St.,  Philadelphia 
48,  Pa. 
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Fungus-Resisting 
Insulating  Varnish 

Clear  baking  varnish.  No.  PG-4- 
fC,  protects  each  layer  of  wire  and 
therefore  if  the  surface  of  the 
"binding  is  damaged  in  rough  han- 
'I'tng,  the  fungicidal  protection  of 
tl>e  varnish  is  still  retained.  The 
|ami8h  (meets  with  Army  Signal 
specifications)  can  be  used 
w  all  types  of  electrical  windings. 
The  degree  of  hardness  can  be  con- 
by  altering  the  baking  time 
^perature  and  although  the 
solidifies  completely  in  a 
J^tively  short  period  of  time,  a 
bake  produces  a  finish  which 
’•tttremely  hard. 

/An  C.  Dolph  Co.,  Dept.  No.  22, 
®®niett  St.,  Newark  6,  N.  J. 

'“"•ONICS-More*  IMf 


The  Bubble  Test 


As  a  final  check,  every  Hermetically  Sealed 
Chicago  Transformer  is  bubble  tested  by  im¬ 
mersion  in  hot  water  at  +190°  F.  for  over  two 
minutes. 


QUALITY 
CONTROL 


This  concluding  test,  applied  before  packag¬ 
ing,  assures  that  no  Transformer  with  detectable 
flaws  in  case  or  bushing  seals  can  be  shipped 
to  enter  service. 
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THE 

AMERICAN  PLATINUM 
WORKS 

N.  J.  R.  R.  AVE.  AT  OLIVER  ST 
NEWARK  5,  N.  J  _ 


DX  CRYSTAL  CO 


GENFRAl  OFFICES'  1200  N.  CLAREMONT  AVE 


CHICAGO  22  III  USA 


RADIO  CHASSIS 
PUNCH 


Saves  hours  of  work  cutting  clean, 
accurate  holes  in  radio  chassis — for  con¬ 
nectors  and  other  receptacles.  Simply 
insert  cap  screw  in  hole  to  be  enlarged 
(drill  small  hole  if  necessary),  turn  with 
ordinary  wrench  to  force  punch  through 
the  metal.  No  reaming  or  filing — hole 
is  smooth  and  clean.  No  distortion- 
die  supports  metal.  Ten  sizes  from  li' 
to  *;  also  up  to  3  'A"  for  meters.  Wriit 
for  free  catalog  33E  to  Greenlee  Tool 
Co.,  1923  Columbia  Ave.,  Rockford,  HI. 


HAVE  STOOD  THE  TEST  OF  USE!  BUILT-IN 
VALUE  MEANS  MAXIMUM  PERFORMANCE. 

Many  jobs  can  be  done  easier  and  better  with 
Potter  &  Brumfield  Standard  Relays.  We  build  a 
complete  range  of  standard  relays  that  will  fit  many  ap¬ 
plications.  They  are  compact,  sturdy,  easily  mounted. 

Potter  &  Brumfield  Standard  Relays  cut  relay  costs,  simplify, 
installation,  pay  off  in  dependable  performance.  If  a  Standard 
Relay  will  do  your  work,  that’s  the  one  to  buy. 

Full  ruhge  of  coil  voltages.  Ask  for  catalog  giving  specifica¬ 
tions  on  all  type  of  relays. 


105  N.  10th  St. 
Princeton,  Ind. 


For  more  than  a  year  DX  Crystals 
hove  been  automatically  deep- 
etched  by  a  new  process.  Both 
the  method  and  machines  were 
perfected  by  DX  Engineers  so 
that  oil  DX  Xtals  con  hove  the 
nth  degree  of  stability  and  en¬ 
durance  necessary  to  wartime 
operation. 

Think  about  DX  Products  for  your 
new  receivers  and  transmitters. 


WIRE  -  SHEET  -  TUBING 
SILVER  BRAZING  ALLOYS  &  FLUXES 


WIRE  -  RIBBON  -  FOIL 
SEAMLESS  TUBING 
FOR  YEARS  A  LEADING  SUPPLIER  Of 
PRECIOUS  METALS  TO  THE  ELECTRIC 
AND  ELECTRONICS  INDUSTRIES. 
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Precision  Remote  Controls 

Four  basic  types  of  precision  re¬ 
mote  controls  which  have  been 
used  exclusively  by  the  Navy  have 
been  announced.  These  include  a 


continuously  variable  control  which 
is  a  non*synchronous  follow-up  con¬ 
trol  provided  with  a  repeat-back 
indicator  for  positioning  the  shaft 
of  a  reversible  motor  to  any  point 
of  any  revolution.  The  second  type 
is  a  multi-turn  selector,  motor 


MINIATURE  VACUUM 
BOOSTER  PUMP  Type  VMB-1 


TTIE  Type  VMB-1  was  designed  by  Distillation  Prodticts  engi- 
■neers  to  fill  the  need  for  a  booster  pump  which  functions  be¬ 
tween  the  usual  ranges  of  a  mechanical  and  an  oil  diffusion  pump. 
Because  the  VMB-1  operates  against  forepressures  as  high  as 
O.bOO  mm.  Ilg,  the  efficiency  of  both  of  the  other  pumps  is 
improved. 

This  booster,  in  conjunction  with  the  VMF-10  two-stage  oil  dif¬ 
fusion  pump,  has  been  specifically  applied  to  the  evacuation  of 
electronic  tubes  on  rotary  exhaust  machines.  On  this  and  similar 
installations  where  the  vacuum  system  is  frequently  subjected  to 
atmospheric  pressure,  the  VMB-1  proves  its  u.sefulness  by  reduc¬ 
ing  the  length  of  time  required  to  obtain  an  efficient  operating 
forepressure  for  the  diffusion  pump.  It  has'also  found  wide  appli¬ 
cation  with  the  mechanical  forepump  alone  in  situations  where 
pressures  below  L  x  lO"^  mm.  Ilg  are  not  required. 


CHARACTERISTICS 


.  .  1  L/s«c.  at  .050  mm.  Hg 

1  X  10^  mm.  Hg  with  Butyl  Sebocate 

. 0.5  mm.  Hg 

. 8%  inches 

. 3%  inches 

. .  .  2’/4  lbs. 


SPEED . 

ULTIMATE  VACUUM  .  . 
REQUIRED  FOREPRESSURE 
HEIGHT . 


BOILER  DIAMETER 
WEIGHT  .  .  . 


.  FOIL 
51NG 
SUPPLIER 
he  electpic 

)USTRIES. 


which  incorporates  the  fea- 
^  of  both  the  continuously  vari- 
*  control  and  the  multi-turn  se- 
This  combination  enables 
operator  to  position  the  load  to 
w  one  of  the  pre-set  positions,  or 
urning  a  knob,  to  any  point 


ATINUW 


DISTILLATION  PRODUCTS,  INC. 

Jointly  owned  by  EASTMAN  KODAK  COMPANY  and  GENERAL  MILLS,  INC. 

ROCHESTER  13,  N.  Y. 


OLIVER 


^»ONlCS-MorcA 


Write  for  further  details  about  the 
VMB-1  Booster  Pump,  as  well  as 
the  complete  DPI  line  of  vacuum 
pumps,  low-vapor-pressure  fluids, 
greases,  ionization  gauge  controls, 
Pirani  gauges,  molecular  stills,  and 
other  aids  for  high-vacuum  technol¬ 
ogy.  Address  Vacuum  Equipment 
Division. 


Specialists 

•  •  •  in  Assembly  and  sub-assembly 
of  Precision  Electronic  Products 

•  Complete  Facilities  for  Production 
and  Testing  of  Audio  Equipment 

•  Consult  us  with  your  Production 
Assembling  Problems 


•  input  impedance  for  both  AC  and 
DC  measurements. 

•  Convenient,  low  capacity  "Probe,”  es¬ 
pecially  adapted  to  nigh  frequency  radio 
use  —  100  megacycles  and  over. 

•  Self-regulating  operation  from  power 
line;  no  batteries. 

•  Multiple  voltage  ranges  —  accurate  and 
stable. 

BULLETIN  ON  REQUEST 

ALFRED  W.  BARBER 
6323-27  GUILFORD  AVENUE.  INDIANAPOLIS  5,  INDIANA  I  LABORATORIES 


RADELL 


immediate  Deilvernt 

WIDE  RATSGE 
VACUUM  TUBE 
VOLTMETERS 


JANETTE  CONVERTERS  ore  specially  designed  lor  use  with 
A.C.  apparatus- used  in  marine  service.  Electronic  devices  used 
on  ships,  shore  stations,  as  well  as  for  domestic  applications, 
con  be  operated  from  a  D.C.  power  supply,  by  using  reliable 
Janette  converters.  Better  deliveries  can  be  made  on  150,  300 
and  500  voltampere,  115  volts  D.C.  to  I  phase,  60  cycle  110  volts 
A.C.  rating,  than  for  converters  of  other  capacities  or  voltages. 

ASK  FOR  BULLETIN  13-25.  . 

Wherever  there  are  ships,  you  will  find  Janette  converters. 
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34-04  Francis  Lewis  Bivd.  Fiushing,  N.  Y. 


MiNiATURE  TUBE  SET  ASSEMBLY  .  . . 


Assure  high  set  production  by  equlppi"! 
Assembly  Departments  with  STAB  ' 

TURE  SOCKET  WIRING  PLUGS*  te 
socket  contacts  during  wiring,  and  ST^n 
MINIATURE  TUBE  PIN  STRAIGHTENERS 
to  provide  an  easy,  perfect  fit  when  tees 
inserted.  A  simple  “double-check"  that  Inw™' 
smoother  assembly  flow  and  fewer  tube  fslie**- 
•  Fills  a  requirement  for  your  Assembly  OsMjJ' 
ment  and  meets  the  speciflcatlons  ef  vr 
Sub-Committee  on  Miniature  Tubes. 

For  complete  Intormatief 
and  prices — write 

'  RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

147  Coder  Stroot.  Now  York  4.  H.  'f- 

r  March  -  ELECTRONICS 


GENERAL  m  ELECTRIC 


over  the  full  range.  The  fourth  con¬ 
trol  is  an  integrating  selector 
which  provides  automatic  setting 
of  the  load  to  a  large  number  of 


CofHfol 


positions  by  means  of  a  small  num¬ 
ber  of  push  buttons.  Normal  ac¬ 
curacy  of  positioning  can  be  as 
close  as  one  one-hundredth  of  a 
degree  of  the  output  shaft.  The  de¬ 
vices  are  light  in  weight,  small  in 
size  and  depend  entirely  on  electro¬ 
mechanical  principles.  They  are 
built  for  any  current  character¬ 
istic,  are  rugged,  and  may  be  used 
in  industrial,  marine,  aircraft  and 
electronic  applications. 

American  Type  Founders,  Inc., 
Remote  Control  Div.,  11  W.  42nd 
St,  New  York  18,  N.  Y. 


PA  System 

An  all-purpose  amplifying  system 
which  delivers  a  full  60  w  of  undis¬ 
torted  output  is  available  on  a  min¬ 
imum  AA6  priority  rating  for  in¬ 
dustrial  paging  in  plants  and  large 
oflSces  or  plant  music.  The  ampli¬ 
fier  has  four  individually  controlled 
microphone  channels,  two  individ- 
“sUy  controlled  phono  channels,  uni¬ 
versal  output  for  matching  any  ar- 
mngement  of  speakers,  individual 
mntrols  for  high  and  low  fre- 
luencies.  Amplifiers  are  available 
•*PArately  or  with  any  combination 
speakers  and  microphones. 


This  attractive  booklet  is  packed  full  of  information, 
photographs  and  the  latest  specifications  of  G-E  Delta- 
beston  Radio  Hook-up  Wires.  Complete  specifications 
of  low-  and  high-voltage  types  in  braided  and  shielded 
constructions  are  presented  in  tabular  form.  Physical 
and  electrical  tests,  braid  patterns,  shipping  and  packing 
information  and  other  important  data  are  included. 
Every  purchasing  agent,  engineer  and  producer  of  elec¬ 
tronic  devices  will  find  this  booklet  one  of  the  most 
helpful  references  on  Radio  Hook-up  Wires  in  the 
Electrical  industry. 

Deltabeston  Radio  Hook-up  Wires  are  distributed 
nationally  by  Graybar  Electric  Company,  G-E  Supply 
Corp.,  and  other  G-E  Merchandise  Distributors. 


FILL  IN 

THIS  COUPON 

We*l!  rush  your 
copy  to  you 


AUied  Radio  Corp.,  833  W.  Jack- 
Blvd.,  Chicago,  Ill. 


Section  Y3S4-119 

Appliance  and  Merchandiae  Dept. 

General  Electric  Co. 

Bridgeport,  Conn. 

Pleaae  tend  me  a  Deltabeaton  Radio  Hook-up  Wire  Book¬ 
let  today. 

Name.- . . . 


WGNATED  AS  Self-Stick  these 
tapes  are  manufactured  with 
Dew  fungicide  which  protects 
Against  water,  moisture,  salt 
•‘ay*  gases  and  other  damaging 
^ants.  Mystik  Adhesive  Prod- 
'  2635  N.  Kildare,  Chicago  39, 


Company. 


Addresa 


^^RONICS  —  MorcA  t945 


STOP  VIBRATION 
GREMLINS  WITH 

BIRTCHER 

STAINLESS  STEEL  -  LOCKING  TYPE 

TUBE 

CLAMPS 


Where  vibration  is  a  probiem, 
Birtcher  Locking  TUBE  CLAMPS  offer 
a  foolproof/  practical  solution.  For 
ALL  types  of  tubes  and  similar  plug* 
in  components. 

83  VARIATIONS 


OVER  TWO  MILLION  IN  USE 
Send  for  our  standard  catalog  and 
samples  of  corrosion-proof  Birtcher 
Tube  Clamps. 


m 


THE  BIRTCHER  CORPORATION 

Manufpcturers  of  AIRCRAFT 
and  RADIO  PARTS 
5087  HUNTINGTON  DR.  LOS  ANGELES  32 


Audio  Chanalyst 

This  new  audio  chanalyst,  desig¬ 
nated  as  Type  170- A,  is  a  single 
unit,  for  audible  or  visual  testing, 
which  is  comprised  of  several  self- 
contained  testing  sections  or  chan¬ 
nels.  It  can  be  used  to  test  any 
point  of  any  sound  system  from 
microphone  to  speaker,  or  it  can  be 
utilized  in  emergencies  as  a  bridg¬ 
ing  unit  to  substitute  for  the  de¬ 
fective  section  of  an  inoperative 
amplifier.  A  calibrated  high  gain 
amplifier  is  used  for  signal  tracing, 
tube  checking  and  gain  measure¬ 
ments,  The  unit  supplies  its  own 
test  signal  from  a  built-in  beat  fre¬ 
quency  oscillator  which  can  be  op¬ 
erated  by  an  internal  auxiliary 
sweep  circuit  for  checking  multiple- 
speaker  installations.  A  unit  called 
VoltOhmyst  has  been  modified  for 
flat,  linear  measurement  of  audio 
frequencies,  and  is  included  as  one 
of  the  channels.  Other  features  in¬ 
clude  an  impedance  tester  and  a 
high-speed  electronic  indicator. 
Available  on  priority  rating  from 
RCA  Victor  Div.,  Radio  Corp.  of 
America,  Camden,  N.  J. 


Circuit  Breaker 

A  NEW  BI-METAL  design  is  incor¬ 
porated  in  No.  1560  switch  breaker 
which  takes  350  deg  F  and  60  deg 
F  below  zero  without  breaking.  The 
bi-metal  is  used  as  the  finger  which 
pulls  the  trigger.  No  appreciable 
mechanical  load  is  exerted  on  the 
bi-metal  as  it  trips  the  breaker.  The 
unit  was  designed  primarily  for 
military  purposes  but  can  be  used 
to  protect  motors  and  other  equip¬ 
ment  having  high  starting  surge 
currents.  Its  operating  range  is  5 
to  50  amp  at  32  v,  dc  or  ac.  It  is 
capable  of  breaking  2500  amp  on  a 


To  ServeYou  Better 

AN  ALTERNATE  SOURCE 
OF  GENUINE  BIRTCHER 
TUBE  CLAMPS 


Prompt  Delivery 

• 

We  ore  fully  licensed  to  manufacture 
the  complete  BIRTCHER  line  of  locking 
type,  stainless  steel  tube  clamps.  Orders 
placed  with  os  for  prompt  delivery  using 
BIRTCHER  port  and  identification  num¬ 
bers  will  be  filled  at  pyices  as  favorable 
as’ those  to  which  you  ore  occustgnned. 
All  clamps  will  be  identical  with  those 
manufactured  by  the  Birtcher  Corpora¬ 
tion. 


lICENStO  MANHrSCIelfl 
OF  IIRTCHER  TIIIE  ClIMFS 


THE  GEORGE  $.TH0Mm 

CORPORATION 

5240  HUNTINGTON.  DR. 

LOS  ANGELES  32,  CALIF. 


■  eoiu***' 


INSULATED  ELECTRICAL  WIRE 


IMMEDIATE  DELIVERY 
FROM  LARGE  STOCK 


•  CABLES 

•  CORD  SETS 

•  We  Cut,  Strip 
and  Tin,  Attaih 

a'A!?  Eyelets,  etc. 

COLUMBIA  WIRE  &  SUPPU  ^ 

4110  N.  PULASKI  ROAD 
CHICAGO  41,  ILLINOIS 


mUS  •  PANELS  •  PLATES 

to  your  precise  engineer* 
'"8  specifications  in  etched 
and  finishes. 


SEND  COUPON  TODAY 

BUD  RADIO,  INC  ,  D«p>  B 
Cleveland  3,  Ohio 

Gentlemen :  At  no  cost  to  me  whotsoever,  please 
send  me  o  copy  of  your  new  catalog. 


Nome 

Address 


March  1945 


i  BU  D  RADIO,  INC. 
I  CLEVELAND  3,  OHIO 


HIGH  VACUUM  GAUGES 


linen 

synchronizing 


self 


facsimile 


or  Me 


the 


for 


newspaper 


air 


What  are  YOUR  Condenser  Needs? 


You'll  find  the  type  you  need  in  Bud  Radio's 
complete  line  of  condensers.  Of  modern  design 
and  built  under  precision  production  methods, 
Bud  condensers  guarantee  a  uniformly  high 
standard  of  performance.  Learn  how  you  can 
use  these  condensers  to  your  benefit.  Write 
now  for  your  copy  of  Bud  Radio's  new  catalog. 


I,  Attacn 
„  etc. 

I 

;UPPIY 

I  road 

LINOIS 


•#  /  1  ij  t  !  n  a  m 

metal  etching  CO. 

^  21-03  44th  AVE. 

ISLAND  CITY,  NEW  YGHK 


Finch 


Telecommunications 


Inc 


Passaic 


ION  METER  READING 


0  100  200  300  400  500  600  700  800 

IONIZATION  GAUGE 
COLD  CATHODE  TYPE 

Measures  high  vacuums  with  galva¬ 
nometer  down  to  10"*  mm.  Hg.  in  elec¬ 
tron  microscopes  and  other  high  vacuum 
apparatus.  Utilizes  discharge  current 
between  electrodes  in  magnetic  held. 
Extremely  sensitive  and  accurate. 


The  Universal  line  includes  two  types 
of  vacuum  gauges  of  special  interest  to 
users  of  electron  microscopes  —  the 
Universal  highly  sensitive  cold  cathcxle 
ionization  gauge  and  the  rugged  Univer¬ 
sal  thermocouple  gauge. 

Both  gauges  are  standard  equipment 
on  R.C.  A.  electron  microscopes — and  can 
be  supplied  for  other  high  vacuum  work. 

Universal  offers  a  complete  production 
service  in  special  glass  and  tube  work — 
including  metal-to-glass  seals  of  all  types 
and  sizes.  Your  problems  will  receive  our 
immediate  and  courteous  consideration. 

THERMO-COUPLE  GAUGE 

Measures  low  pressure  levels  with 
millivoltmeter  which  indicates  variation 
in  thermocouple  ca 

voltage  due  to 
changes  in  vac- 
uum.  Ideal  for 
systems  requiring 
rapid  verification 
of  high  vacuums. 

Heater  and  instru- 
ment  terminals  fit 
standard  8 -prong 
tube  socket.  1  I 


UNIVERSAL  X-RAY  PRODUCTS  inc. 


1800-A  N.  FRANCISCO  AVENUE 


CHICAGO  47,  ILLINOIS 


1025  PARMELE  STREET 


ROCKFORD,  ILLINOIS 


Small  aad 
Medium  Size 


GEARS 


TYPE  110-A 


A  dependable 

TEST  AND  MEASURING  INSTRUMENT 


short  circuit.  Tests  made  by  the 
manufacturer  indicate  that  it  meets 
the  requirements  of  holding  II5 
percent  of  the  rated  current  for 
one  hour;  breaks  within  the  hour 
on  138  percent  of  rated  current; 
breaks  at  200  percent  of  its  load 
between  10  and  100  sec.  These  tests 
are  all  at  ambient  temperatures  of 
77  deg  F  ±  1.8  deg  F.  The  breaker 
is  enclosed  in  a  sturdy  moisture- 
proof  Bakelite  case.  It  is  panel- 
mounted  by  two  6/32  screws,  1  in. 
long,  for  'h  in.  thickness  of  panels. 
Overall  size  is  2J  in.  x  2  in.  deep 
below  panel,  x  5  in.  wide. 

Littelfuse  Inc.,  El  Monte,  Calif, 
and  4757  Ravenswood  Ave.,  Chi¬ 
cago  40,  Ill. 


Recording  Unit 

An  extremely  rugged,  durable  and 
practical  film  recorder,  designated 
as  The  Recordgraph,  is  for  d« 
wherever  a  recording  of  souadi 
speech  or  code  is  desired.  The  unit 
is  a  compact,  self-contained, 
able  machine  weighing  about  60  lb. 
Recordings  can  be  made 
though  the  machine  may  be  upaidf 
down  or  subjected  to  vibration 
Play-back  is  instantaneous.  A 
standard  Recordgraph  (Amertyp*) 
film  averages  50  ft  in  length  an 
records  a  total  of  115  tracks.  Trav- 


CHECKER 


'I’he  factory  counterpart  of  the  Q-Meter.  Com¬ 
pares  fundamental  characteristics  of  inductance  or 
capacitance  and  Q  under  production  line  condi¬ 
tions  with  a  high  degree  of  accuracy,  yet  quickly 
and  simply.  Insures  uniform  parts  held  within 
close  tolerani^es.  Frequency  range  100  kc.  to  25  me. 


BOONTO^  RADIO 

BOONTON.N.J, 


DfSIGNERS  AND  MANUEACIURERS  OF  THE  "Q  METER 
GENERATOR  .  BEAT  EREQUENCT  GENERATOR 


OX  CMECrER  EREQUENCT  MODUIATED  SIGNAI 
AND  OTHER  DIRECT  READING  TEST  INSTRUMENTS 


Gears  for  electrical  devices,  in¬ 
struments,  apparatus,  and  other 
mechanical  movements.  Precision 
grinding  of  worms  and  threads. 


Send  us  your  blueprints  for  estimate. 


Midget  Relays 


Where  space  and  weight  are  at  a 
minimum  there  is  available  a  new, 
lightweight,  midget  relay  which 
weighs  1.2  oz  and  measures  lAxlA 
x'iB  in.,  SP,  ST.  The  relay  operates 
on  dc  only  and  has  a  switch  capacity 
of  DP,  DT  with  1.5  amp  contacts. 
Power  requirement  is  1.75  w.  The 
relay  is  described  in  bulletin  No. 
295  available  from  Guardian  Elec¬ 
tric  Mfg.  Co.,  Dept.  M-R,  1625  W. 
Walnut  Street,  Chicago  12,  Ill. 


Precision-made  gears  in  standard 
and  special  tooth  forms,  from  any 
kind  of  material,  made  to  your 
exact  specifications. 


Firm  Name 


Position 


Die  cuf  mefal  stampings  in  limited  quantities  can  be  produced  to  your 
special  requirements  at  1 5%  to  20%  of  the  cost  of  permanent  type  tools. 
No  matter  how  small  your  quantity  requirements  or  how  intricate  your 
work,  we  can  show  you  a  definite  saving.  During  our  twenty-three  years 
of  specialized  experience  in  this  service,  there  has  been  no  other  method 
of  producing  metal  stampings  in  small  lots  that  can  equal  the  process 
originated  by  Dayton  Rogers. 

Our  new,  illustrated  booklet  #176-17  will  give  you  full  particulars. 


DAYTON  R06ERS  MF6.  CO. 


283 S  12th  Avnnu*  So. 
Minnoopells,  Mlnnosoto 


rtf 


w'il'ding  Machine* 


presto  ELECTRIC  COMPANY 

_^o>^ofocfurers  of  Signalling  Devices  UNION  CITY,  N.  J. 


keys  8. 


BusioMS  Address 


Home  Address.  • 


■  mETRL 

STRITlPinGS 


The  famous  64-page,  fact-packed  book 
that  has  stimulated  thousands  of  men* 


FREE! 
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EASY-FLO  — the  !ow-temperature  silver  brazing 
alloy  originated  by  Handy  &  Harman — is  ideal 
for  a  large  percentage  of  the  Electronic  Indus¬ 
try's  metal  joining  operations. 


For  EASY-FLO  joins  ferrous,  non-ferrous  and  dis¬ 
similar  metals  having  melting  points  above  its 
own  1175°F.— and  it  provides  the  special  prop¬ 
erties  essential  in  many  electronic  applications. 

EASY-FLO  is  first  choice  for  structural  work  be¬ 
cause  it  makes  joints  that  have  high  strength 
plus  the  ductility  to  stand  up  under  severe 
stresses  and  strains. 

EASY-FLO  is  also  first  choice  for  electrical  work 
because  the  joints  it  makes,  in  addition  to  being 
strong,  are  equal  to  the  usual  current-carrying 
metals  in  electrical  conductivity  and  in  corrosion- 
resistance. 


SiND  FOR  BULLiTIN  12-A 

This  16-page  bulletin  gives  you  the  complete 
EASY-FLO  story  including  the  reasons  for  the 
unprecedented  speed,  reliability  and  economy 
of  EASY-FLO  brazing— facts  you  can't  afford  to 
overlook  either  in  your  present  metal  joining  or 
in  your  designs  and  plans  for  the  future.  Write 
for  your  copy  of  Bulletin  12-A  now. 


HAIVnV  ^  HARMAN 

82  FULTON  ST.,  N  E  \W  YORK  7,  N.  Y. 

W  Bridgeport  Conn  •  CKirogo,  HI  •  Los  Angeles  Cal 
•  Pfovidencr  t  •  loronte  Canada 

Agents  in  Principal  Cities 


EASY-FLO  brazing  of  oufUfs  fo 
radio  ignifion  sbiofdt  for  B-17 
and  B-24  bomfaors,  providos  fb^ 
wat0r^tight,  vibrofion-ond-btof* 
proof  I'oinfs  fhoio  ongino' 
mounted  shields  must  hav. 


eling  at  an  optional  speed  of  either 
40  or  60  ft  per  min,  it  provides 
several  hours  of  continuous  record¬ 
ing,  and  many  more  of  intermittent 
recordings.  The  film  used  is  a 
safety  film  which  is  permanent  and 
non-inflammable,  and  requires  no 
treatment  or  processing.  Starting 
and  stopping  are  controlled  by 
either  a  manual  switch,  electrical 
impulse,  voice  or  sound.  Structural 
features  include  a  built-in  auto¬ 
matic  volume  control ;  built-in  audi- 
otrol  unit  which  automatically 
starts  the  recording  upon  receiving 
the  impulse  from  voice  or  incoming 
si'gnal;  built-in  speaker  and  internal 
.connection;  remote  control  opera¬ 
tion;  built-in  transformer  for  tele¬ 
phone  recordings;  four  separate 
input  circuits;  track  location  which 
permits  the  finding  (in  a  few  sec¬ 
onds)  of  any  track  out  of  the  entire 
recording;  monitoring  facilities  to 
check  clarity  and  accuracy;  vol¬ 
ume  indicator  meter  for  recording ; 
and  easy  access  to  all  tubes,  without 
removal  of  amplifier. 

Several  types  of  units  available 
include  special  models  for  unusual 
requirements,  rack  or  portable 
models.  The  Recordgraph  is  used  by 
radio  war  correspondents,  the 
Army,  Navy  and  Marine  Corps, 
four  major  radio  networks,  as  well 
as  police  and  Government  depart¬ 
ments  and  agencies. 

Frederick  Hart  &  Co.,  Inc.,  Rec¬ 
ordgraph  Div  (formerly  Amer- 
type  Recordgraph  Corp)  333  West 
52nd  St,  New  York  19,  N.  Y. 


Tropic  Resistors 

Tropi-Pruf  Resistors  designates  a 
complete  line  of  resistors  which  are 
especially  made  to  withstand  hu¬ 
midity  and  deterioration  in  tropical 
climates.  Each  component  is  en¬ 


closed  in  a  special  Bakelite  case. 
After  complete  dehydration  the  re¬ 
sistor  is  sealed  in  a  special  com¬ 
pound,  and  further  made  impervi¬ 
ous  to  atmospheric  surroundings 
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What  T  i  m  t 
Operations  are 
you  controlling 
or  wish  to  con* 
trol 


A  d  V I  s  e  us  and 
our  Engineers  will 
forward  you  fhe 
proper  interest¬ 
ing  Bulletin  cover¬ 
ing  this  particular 
case, — free  of  obli¬ 
gation. 

We  specialize  in 
this  subject. 

U  nquestion- 
ably  we  can  assist 
you  to  streamline 
your  equipment  to 
look  better  —  do 
a  more  efficient  job 
—  be  more  accu- 
ate  and  reduce 
your  expense. 

Write  today  hr 
one  of  these  inter¬ 
esting  Bulletins. 


\^\\  (  I?  AMU?  (OMi’AN^ 


(Electrical  Timing  Headquarters) 


(  F  N  T  F  R  H  W  O  O  k 


C  O  N  rj  (  f  T  I  c  !  1 1 


Again,  v/hen  the  war  is 
won,  we  will  be  on  call 

.  .  To  DESIGN,  DEVELOP 
and  MANUFACTURE  . . 

Radio  Receivers^  and  Transmitters 
Industrial  Elect roni(  Equipment 
Airport  Radio  Control  Equipment 
Marine  Radio  Telephone  Equipment 

Your  inquiries  will  receive  immediate 


jll  CORPORATION 

ISLIP,  L.  I.,  NEW  YORK 
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TEST  INSULATION 
THE  MODERN  WAY 


NEW  BAnERY-VIBRATOR  TYPE 

No  more  firesome  cranking  of  a  hand-driven 
9*»trator.  Entirely  self-contained.  Steady 
potential  of  500  volts  D.C  available 
^  touch  of  a  switch.  Direct  reading  in 
***w>tion  resistance.  Various  new  models 
and  ranges. 

Write  or  phone  for  Bulletin  430 


NUMBERING  MACHINE 
PLATFORM  45 


^AONICS-Mofch  1945 


Twenty-five  years'  experience  in 
solving  all  types  of  Relay  Problems 
.  .  .  Complete  facilities  for  Design¬ 
ing,  Engineering,  Manufacturing  .  .  .  Specialists  in  producing  Relays 
of  exceptional  power  and  sensitivity  for  Aircraft,  Intercommunica¬ 
tions -Systems,  Electronic  Devices.  Exclusive  Kurman  features  provide 
greater  dependability,  longer  life,  more  precise  performance  .  . 

Send  data  for  quotations.  Write  for  new  descriptive  Bulletins. 


^crophono 


k'li  D  m  D  n 


ELECTRIC 


PUCE  NEW  ^ 


l^rite  for 
Bulletin  E45 


NUMBERALL  STAMP  &  TOOL  CO. 

HUGUENOT  PARK  STATIN  ISLAND  1  3,  N.  Y. 


37lh  STREET 


LONG  ISLAND 


CITY 


ill 


For  stamping  figures,  letters  and 
fractions  with  uniformity  and  speed 
into  brass,  aluminum,  zinc,  unhard¬ 
ened  steel,  iron,  etc.  This  method 
is  faster  than  stamping  either  with 
hand  stamps,  mono-wheel  presses 
or  type. 


Made  in  I  to 
20  w  h  e  e  I  s. 
Shank  for 
hand  or  press 
stamping. 


A 


Characters  are 
always  prop¬ 
erly  aligned 
and  of  uni¬ 
form  depth. 


you  want 


•  CRYSTALS 

•  CABLES 

•  HARNESSES 

•  ELECTRONIC 
ASSEMBLIES 

•  CABINETS 

Telephone  Peru,  Indiana 

151 

i 

iervtmq  Hie  Itadie  and  [lectronic  Industries  with  precision  engineered  products. 


UJm.T.UUflLLflCE  IHfg.  [□. 

General  Offices:  PERU,  inDIRdfl 

Cable  Rssembly  Division:  ROCHESTER,  IflDIRnfl 


PERmOPIUOTS 


Wear  Resistant 

Non- Abrasive 


Non-Corrosive 


Non-Magnetic 


Extraordinary  long  range  benefits  accrue  from  PERMOPIVOT 
installation:  Accurate  performance  of  precision  instruments — 
1-o-n-g-e-r!  .  .  .  Ask  for  descriptive  literature. 


PERinO,  Incorporated 

3immmimt>tmrlm9  JHrtmUmrmlalm 

6427  RAVENSWOOD  AVE.  •  CHICAGO  26,  ILLINOIS 


with  Bakelite  cap  which  is  accur¬ 
ately  machined  to  fit  the  Bakelite 
case.  Leads  are  bare  at  the  point  of 
entrance  through  the  case,  and  are 
permanently  and  hermetically 
sealed  with  special  compound.  No 
creepage  of  moisture  or  fungus 
growth  can  take  place  at  any  point. 
Corrosion,  electrolysis  or  oxidation 
are  effectively  barred  from  the  re¬ 
sistor  unit  by  this  method  of  enclo¬ 
sure.  A  No.  6-32  mounting  screw  is 
an  integral  part  of  the  housing. 

After  completion  of  the  unit,  a 
special  fungicidal  coating  is  ap¬ 
plied.  This  coating  is  non-toxic, 
meets  all  Signal  Corps  No.  71-2202- 
A  specifications  and  is  effective  for 
about  one  year.  These  components 
provide  complete  protection  from 
shorts,  leakage  or  physical  deterior¬ 
ation  resulting  from  warm,  damp, 
spore-bearing  atmospheric  absorp¬ 
tion  and  adsorption.  They  are  avail¬ 
able  in  a  diversity  of  resistance 
values  and  wattage  ratings.  Accur¬ 
acy  tolerances  suitable  for  either 
general  or  precision  applications 
are  available. 

Instrument  Resistors  Co.,  25 
Amity  St.,  Little  Falls,  N.  J. 


—  rnr HTFR 

VOLUMETRIC  EFFICIENCY 


_ BEOUIBemewt 

FIVE  SISEti 

from  IS  to  228  ou.  ft.  por  min. 

F.  J.  STOKES  MACHINE  CO. 

6046  Tobor  Rood  PhiU.  20.  P«. 


Battery-Charging 
Hand  Generator 

A  ONE-MAN  HAND  generator  (de¬ 
livers  about  40  w)  provides  8  v  dc 
at  5  amp  for  charging  batteries. 
The  generator  (developed  around 
the  original  Magmotor  types  de¬ 
scribed  in  October  Electronics) 
a  unit  with  permanent 
fields  which  save  about  10  w  ofl>f|‘ 
mary  power.  The  generator  i* 
moisture-proof,  the  shafts  of 
crank  handles  are  sealed,  and  the 
unit  is  completely  enclosed.  Out¬ 
put  is  to  two  terminals  to  which  the 
charging  line  is  connected. 

Carter  Motor  Co.,  1608  Mil¬ 
waukee  Ave.,  Chicago,  Ill. 


PERNICKERTY? 


ELECTR 


radio  a 


INSTRUMENr 


manufacturing  and 


r«pairing  fields 


solders  hard-to-r«ach  connoctiora. 
down  fatiguo,  increasot  occuracy 


ifttEi,  ea^'oiREdT 

wnctti  enTML  un  numiwo  3 

^jlMANUFACTURINa  COMPANY  ] 

_  — - Iiiriinliiiii,.,.,  lii  li'  ,  I-  I.I  ■■  Oi< 

Ordoriog  PUoao  Montion  Qoclronies' 
^RONICS  —  More/.  194S 


Look  Ahead  Wifh  Federal! 

If  inconvenient  to  apply  in  person,  write  letter  in  full,  detailing 
about  yourself,  education,  experience,  age.  etc.,  to  Personnel  Manager 

FEDERAL  TELEPHONE  &  RADIO  CORP. 


EAST  NEWARK 


NEW  JERSEY 


39  Central  Avenue 


L  k  KOSK 

MOLDING  COMPANY 

142  BROOK  STREET 

CUNTON  MASSACHUSETTS 


^etUMuedc 

FLOCK 


When  used  as  an  interior  lin¬ 
ing.  black  Cellusuede  flock 
does  an  efficient  job  of  "black¬ 
ing  out"  the  insides  of  cam¬ 
eras.  binoculars,  and  tele¬ 
scopes.  because  the  flock  does 
not  reflect  light  rays  ...  it 
absorbs  them.  A  trial  appli¬ 
cation  will  convince  you  that 
Cellusuede  is  inexpensive  and 
easy  to  apply.  Available  for 
immediate  shipment. 


Write  for  Color  Card. 
Prices.  Samples  and  Book¬ 
let  explaining  Uses  and 
Methods  of  Application. 


R  D 


16.C  IMPROVED 

KELNOR 

R  t  C  .  U  .  C  .  PAT.  OFF. 

SOLDERING  IRON 


KIRKMOLD  SPECIAL 


Injection  Molding  Process  for 
standard  and  made-tomeasure 
parts  for  the  Electronic  Industry. 


molded  plastics  by 
KIRK 


We  know  what  close  tolerances 
mean  .  .  .  that  precision  is  the 
First  Prerequisite  in  Electronics. 


Cameras 

Binoculars 

Telescopes 

Lined  wifh 
Cellusuede  Flock 


abc>ut  ’/j 
actual  size; 
wsighs  ’/a  lb. 


ENGINEERS... 

Are  You  Concerned  With  ^ 
YOUR  POST  WAR  FUTURE  1 


The  Federal  Telephone  &  Radio  Corporation, 
the  manufacturing  unit  of  the  International 
Telephone  &  Telegraph  Corporation  with  its 
multiple  business  activities  extending  to  all 
parts  of  the  civilized  world,  will  accept  appli¬ 
cations  from  experienced  men  for  immediate 
employment  with  almost  limitless  post  war 
possibilities.  These  positions  should  interest 
those  with  an  eye  to  the  future  and  whose 
interest  lies  in  forging  ahead  with  this  inter¬ 
nationally  known  organization  whose  expan¬ 
sion  plans 'for  post  war  are  of  great  magni¬ 
tude  covering  all  types  of  radio  &  telephone 
communications.  Advancement  as  rapid  as 
ability  warrants.  Majority  of  positions  are 
located  in  the  New  York  area! 


Wt  need  the  followlns  pertonnell 
Men  with  long  experience  or  recent 
graduates  eonildered. 

•  ENGINEERS 
ELECTRONICS 
ELECTRICAL 
RADIO 

MECHANICAL 

CHEMICAL 

TRANSFORMER  DESIGN 

•  SALES  AND  APPLICA¬ 
TION  ENGINEERS 
PHYSICISTS 
DESIGNERS 
DRAFTSMEN 

TOOL  DESIGNERS 
TECHNICAL  WRITERS 


exact  specihcations,a  long- 
motor  of  dependable  perform¬ 
ance.  From  1/lOth  to  l/200th 
H.P.  Speeds  from  3,000  to 
20,000  R.P.M.  Voltage  from 
6  to  220  AC-DC.  Thousands 
have  been  engineered  and  built 
for  signal  corps  and  military 
aircraft  use.  Plant  facilities 
for  large  volume  production. 
What  are  your  requirements.^ 


1308  ELSTON  AVE.,  CHICAGO  22,  ILL. 

Manufacturers  of  special  small  universal, 
fractional  H.  P.  motors,  dynamotors,  shaded 
pole  motors,  heater  motors,  generators. 

Design  •  Engineering  •  Predurtion 


I  Panel-Type  Measuring 
!  Instruments 

j 

These  panel-type  measuring  in¬ 
struments  (dc  ammeters,  volt¬ 
meters,  milliammeters  and  milli- 
:  voltmeters)  are  U.  S.  Air  Corps  ap- 
i  proved.  They  are  water-proof  and 
I  have  flush  square  Bakelite  cases 
j  which  measure  li  in.  in  body  diam¬ 
eter;  the  front  measures  1|  in; 
weight  is  10  oz.  For  use  as  dc  am- 
j  meters  the  instruments  are  sup¬ 
plied  with  external  shunts.  Cur- 
!  rent  utilized  by  the  instrument  is 
I  small  so  that  any  standard  size  and 
length  of  wire  leads  may  be  used 
without  compensating  the  instru¬ 
ment  for  the  resistance  of  the  leads. 

Similar  2-inch  instruments  are 
available  in  both  dc  and  400-cycles 
ac. 

Roller-Smith  Div.,  Realty  and  In¬ 
dustrial  Corp.,  11  Park  Place,  New 
York  7,  N.  Y. 

Wall-Mounting 
Amplifier  Cabinet 

For  universal  installation  of  their 
No.  101  Series  Amplifiers  to  any 
flat  surface,  this  manufacturer  has 
available  Type  201-A  wall  mount¬ 
ing  cabinets  which  are  well  venti- 


RESISTANCE 

WIRE 

ALLOYS  FOR  EVERY  PORPOSE 

ALLOY  "A” — Nickel-chromium  ;  non. 
magnetic;  spec,  resistance  650 
ohms/CMF. 

ALLOY  "C"— High  resistance  to  oxi¬ 
dation  and  corrosion;  for  electronics 
and  industrial  equipment. 

ALLOY  "D"  —Nominally  30%  nickel, 
15%  chromium,  balance  iron.  Spe¬ 
cific  resistance  600  ohms/CMP. 

ALLOY  "45" — Copper-nickel  for 

winding  precision  resistors.  Constant 
resistance  over  wide  range  of  tem¬ 
peratures. 

KANTHAl— U  navailable  for  dura¬ 
tion;  we  will  be  pleased  to  supply 
data  for  your  post-war  requirements. 

T/ieC.O.JELLlFpMFS  .CORP. 

1 23  Pequot  Rd.  Southport,  Conn. 


KIRKLAND 

INDICATING  LAMPi 


New 


lated  and  are  designed  for  maxi¬ 
mum  accessibility  for  .servicing  and 
convenience  of  installation.  The 
units  come  in  an  aluminum  grey 
finish,  and  measure  12  x  20  x  20  in. 

The  Langevin  Co.,  37  West  6-5th 
St,  New  York,  N.  Y. 


Cathode-ray  Tube  Shield 

There  is  available  a  cathode-ray 
tube  .shield  ( Maco  Model  M-996) 
for  use  with  all  three-inch  cathode- 
ray  tubes.  The  shield  has  a  shock¬ 
absorbing  cushion  built  into  a 
clamp  ring,  and  a  gum  rubber  gas¬ 
ket  around  the  tube  face  to  mini- 


D/E  DOME  TYPE  LENS-CAP  WITH 
HEAVY  WALLED.  DEEPLY  CUPPED 
GLASS  LENS.  SO  OUTSTANDING 
THAT  A  COMPLETE  LINE  OF  PILOT- 
LIGHTS  HAS  BEEN  EQUIPPED  WITH 
IT. 

For  Use  With  the  Most  Read¬ 
ily  Obtainable  Lamp  Bulbs 

Type  No.  590  D/E  Unit  for  use  with 
the  S6  candelabra  screw  base  lamp  on 
voltape  up  to  120  volts. 


The  No.  590  D/E  Unit,  List  Price,  (!•»» 
lamp)  $1.25. 

Speciflcations :  Mounting  hole, 
ameter;  overall  depth  behind  the 
of  the  panel  2" :  length  of  threadw 
area  1  7/16'.  Underwriters'  Approreo. 

Writ#  for  Catalogue 


THE  H.  R.  KIRKLAND  CO. 
MORRISTOWN,  N-  J. 
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“.T^,^'^c;o.s,=^,^  GIBSON 


Interested  in  on  open  wire  line? 

The  support  illustroted  above  is  one 
of  several  types  Johnson  con  furnish.  It 
mounts  on  o  3  inch  iron  pipe  or  o  4x4  inch 
wood  pole  and  comes  complete  with  cen¬ 
ter  insulator  and  hardware. 

Suitoble  for  5.  6  or  7  wire,  balanced 
lines,  for  antenna  power  up  to  50  KW, 
the  support  is  approximately  17x311/2 
inches  overall  and  the  outside  conductors 
form  0  15  inch  square. 


Write  for  information  and 
catalog  968(D)  ✓  » 


JOHIMSniM 

a  ^amou6  name  In  jQ.a<lio 


WIRE,  RIBBON  and 
Other  Metal  Produets 

★  Smaller  than  Commercial  Sizes; 
closer  than  Commercial  Tolerances 


An  organization  devoted  to  the  re* 
March,  development  and  produc* 
tion  of  wire  and  ribbon  and  similar 
products  of  Platinum  and  other 
Ptedous  Metals,  as  well  os  Rare 
and  Bose  Metals . . .  This  metallifr* 
Qical  plcmt  is  completely  equipped 
with  alloying,  melting  and  working 
facilities  for  precision  prodtiction. 
Equipment  and  staff  permit  special* 
isotion  in  smaller  than  commercial 
dies  (md  closer  than  commercial 
tolerances  for  the  most  exacting 
technical  requirements. 


2.  AC. « ■" 

Contacts  form  an  essential  part  of  all 
electrical  control  equipment  required  to 
make  or  break  an  electrical  circuit,  and 
the  performance  of  such  equipment  is 
dependent  on  the  satisfactory  perform¬ 
ance  of  the  contacts.  Therefore,  contacts 
must  be  designed  with  the  same  degree 
of  engineering  study,  test,  and  application 
as  other  intricate  and  essential  parts  of 
electrical  equipment.  For  best  results 
the  c^»ign  of  contacts  requires  the  co¬ 
operation  of  the  contact  manufacturer 


and  the  designer  of  the  equipment  on 
which  they  are  used,  so  that  the  interests 
of  the  user  of  the  equipment,  the  manu¬ 
facturer  of  the  equipment,  and  the  manu¬ 
facturer  of  the  contacts  may  be  properly 
coordinated. 

For  more  than  a  decade  we  have  de¬ 
voted  our  efforts  exclusively  to  the  devel¬ 
opment  and  production  of  electrical 
contacts.  Send  for  data  sheet  for  analysi* 
of  your  contact  problem. 


‘'ext 

Gibson  EtECTRic  Gomprnv 


FITTSIUtCH,  fK 


‘’A  Cold  Street  •  New  York  7,  N.  Y. 


I  cflBineTs 

CHASSIS 
PAneis 
RACKS 


Wk.. 

skill  of  a  high  degree  be¬ 
comes  habitual,  and  shows  up 
in  the  smallest  detail  —  that’s 
Craftsmanship! 

Having  specialized  for  many  years,  Par 
Metal  has  this  habit  of  Craftsmanship  ~ 
expressed  throughout  the  entire  lin 
which  ranges  from  small  chassU  to 
housings  for  huge  transmitters. 

To  get  a  picture  of  what  Par-Metal 
can  do  now  (and  the  post-war 
possibilities)  write  for  a 
copy  of  Catalogue 
No.  Al-A. 


894  BROADWAY.  .  .  .  NEW  YORK  3,  N.  Y 

Telephone:  Algonquin  4-4770 


NORTON  (N)  INSTRUMENTS 


59  HILLIARD  ST.,  MANCHESTER,  CONNECTICUT 


mize  shock  and  vibration.  Shields 
are  available  for  either  panel  or 
chassis  mounting,  or  can  be  made 
to  suit  special  requirements.  Me¬ 
chanical  protection  for  the  tube  is 
provided  by  a  transparent  screen, 
available  in  either  plain  or  colored 
Lucite.  The  shield  body,  formed  of 
Mu-metal,  is  cadmium  plated  all 
over,  with  a  black  baked  wrinkle 
outside  finish. 

Metallic  Arts  Co.,  243  Broadway, 
Cambridge  39,  Mass. 


NEON  PILOT  LIGHTS 

EmODI  THESE  WPOHTEHI  FEtTUHES: 


Gricl’Controlled 
Rectifier  Tubes 

A  LICENSE  TO  manufacture  grid- 
controlled  rectifier  tubes  has  been 
extended  to  Taylor  Tubes,  Inc., 
2312  Wabansia  Ave.,  Chicago,  Ill. 
They  are  the  Taylor  TT-17  and  the 
Taylor  873.  The  former  is  compar¬ 
able  to  the  GE-FG17  and  the  latter 
is  an  872A  with  an  added  grid  con¬ 
trol.  The  TT-17  specifications  are: 
Filament  2.5-v  ac  at  5  amp ;  inverse 
peak  plate  volts — 5,000-v  dc  at  2 
amp;  average  plate  current  i  amp; 
negative  starting  grid  voltage; 
mercury-vapor  type;  size  is  61  x 2A 
in.  with  large  plate  connection  at 
top,  ceramic  insulated;  small  4-pin 
ceramic  base  with  filament  and  grid 
connection  to  pins. 


Penetrating  orange-red  glow  .  .  .  Long  life  .  .  .  Low  current 
consumption  . . .  Resistance  to  vibration  and  shock  . .  .  Operate 
direct  on  high  voltage  circuits  .  .  .  Emit  practically  no  heat  — 
These  odvantages  of  Neon  Glow  Lamps  ore  enhanced  by 
“SIGNAL”  Pilot  Light  Assemblies.  We  manufacture  a  complete 
line,  featuring  types  fitted  with  Full-View  Plastic  Heads.  Spe- 
ciolists  in  supplying  completely  assembled  units,  housing  G.E. 
or  Westinghouse  Lamps.  Send  specifications  for  prompt  esti- 
motes  and  suggestions  . . .  Write  for  Catalog. 


PORTABLE  AMMETERS  &  VOLTMETERS 


Reliable,  sturdy,  portable  Ammeters  and  Voltmeters  for  testing  purposes, 
^ese  instruments  are  built  to  maintain  accuracy  under  hard  usage  in  avia¬ 
ion,  electronic,  marine,  industrial  service,  and  electrical  repair  work. 

Hand  calibrated,  hand  drawn  dials  assure  accuracy  at  every  part  of  the 
scale.  Supplied  with  knife-edge  pointer  and  mirror  reflector  for  quick,  ac¬ 
curate  reading. 

Send  for  Latest  Catalog 


The  873  specifications  are:  r la¬ 
ment  5  V  at  6.75  amp;  inverse  pea* 
plate  volts — 7,500  v  dc  at  6  a®P' 
average  plate  current  1.26  a®P' 
size  8i  x  2  A  in.  with  large  top  P** 
connection  ceramic  insulated;  neF» 
tive  starting  grid  voltage;  ju 
4-pin  base  ceramic  insulated 
metal  shell;  mercury  vapor  type. 
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(See  ad  on  rage 

w  of  the  companies  in  the 
rfecttonic  held  with  a  Jong 

and  sound  reputation  for  sat 

iafaction  .  -  •  represented  in 

New  England  by 

HENW  P.  SKtl  CO. 

RePr««»<a«e» 
Field  Engineers 

l43  Newbury  St. 

Boston  l6,  Mass. 

Tel.  KENmore  3012-— 6333— 9755 

In  Hartford: 

474  Woodland  St.;  Tel.  2-98 
Out  2l5t  year  of 

manufacturers,  )  o  b  ’ 

Siools  and  la^ratories 
in  New  England 


Our  Electronic  Equipment 
For  YOUR  Post-War  Use 

We  present  a  few  items  of  equipment  which  our  Post-War 
Plan  proposes  to  release  to  you.  These  items  ore  now  being 
built  for  the  U.  S.  Navy  and  other  Armed  Forces. 

1.  The  original  Portable  Electric  Megaphone*,  now 
highly  developed,  for  use  by  the  Merchant  Marine.  » 
yachts,  airplanes,  drydocks,  shipyards,  stadiums  and 
outdoor  arenas,  construction  companies,  and  Police 
and  Fire  Departments. 

2.  Our  exclusive  Divers  Communication  Equipment  for 
use  by  marine  salvage  companies  and  manufacturers 
of  diving  suits. 

3.  Interior  Communication  Equipment  and  docking  sets 
for  all  types  of  marine  use. 

Other  equipment  will  be  annoimced  when  released  by  the 
Armed  Forces. 

GUIDED  RADIO 

CORPORATION 

161  Sixth  Avenue  New  York  13,  N.  Y. 

*  Patent  No.  2.301.459 

After  the  War  any  infringement  of  this  patent  will  be  prosecuted. 


•f  Time  Tested 

QUALITY! 


Every  Illinois  Condenser 
f*eaP8  the  label  of  “TIME 
tested  QUALITY”  .  .  . 
ntanufacturing  the  best  in 
capacitors  is  our  business 
•  •  .  satisfying  you  is  our 
. .  .  look  for  the  “Illi- 
Bois”  symbol  of  excellence 
*hen  selecting  paper  and 
*^®aroiytic  capacitors. 


PUINOIS  CONDENSER 
COMPANY 

'Uo  NORTH  HOWI  STREET 
CHICAGO  10,  ILLINOIS 


lONES  400  SERIES 
PLUGS  and  SOCKETS 

A  medium  size 
Plug  and  Socket 
that  fulfills  prac¬ 
tically  every  re¬ 
quirement  in  the 
public  address, 
radio  and  kin¬ 
dred  fields.  Sock¬ 
et  contacts  ore  of 
phosphor  bronze, 
P-406.CCT  cadmium  plated. 

Plug  contacts 
ore  of  hard 
brass,  silver 
^  plated.  Insula 
tion  is  of  mold 
ed  Bakelite.  A1 
S-406.AB  Plugs  and  Sock 

ets  are  Polar 
ixed.  Mode  in  2.  4.  6.  8.  10  and  12  contocts 
Caps  are  of  steel  with  baked  black  crockle 
enamel.  A  quolity  item  at  popular  prices 
Send  today  for. catalog  No.  14  listing  com 
plete  line  of  Jones  Electrical  Connecting  De 
vices — Plugs,  Sockets  ond  Terminol  Strips. 


l+iouiflRD  B.  jon€s  compflny 

2460  UU  G€0RG€  ST.  CHICAGO  16 


S-406-AB 


DUPLICATING  and  PROFILING 

AUTO  ENGRAVER 

Accurate  Engraving 
with  Unskilled  Operators 

Unskilled  operators  will  profile  or  accurately 
reproduce  in  smooth  lines  any  design,  num¬ 
ber,  letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  all  plastics. 
Here  are  some  of  its  other  uses  .  .  . 

•  Drills  a  series  of  holes,  or  profiles  small 
parts. 

•  Cuts  an  even  channel  for  wiring  on  panels. 
Increases  accuracy  and  production. 

•  Works  from  original  drawing  or  templates. 

•  Etches  glass  and  similar  items. 

•  Will  not  cause  distortion. 

For  complete  information  on  this  and  other 
models  and  prices  write  Dept.  K 


AUTO  ENGRAVER  CO. 

1776  BROADWAY.  NEW  iCfK  19 


^^R0NICS-/^o,cA  1945 


s 

403 


MODEL  504-A 


pr  The  ^ 
r  name  for  ^ 
engineered 
metal  component 
production 


TESTER 


THE  PORTABLE  LAB 
THAT  GIVES  YOU- 

i  If  thing! 


t  -it  Design  proven  by  over  S  yeers 
I  production  of  thousands  of  this 

I  model. 

I  it  Operation  as  simple  as  ABC.  Mul- 
I  tisectlon  push-button  switches  do 

I  all  work.  Simply  "follow  the  ar- 

■  rows"  for*  tube  checking.  No 

■  roaming  test  leads  for  the  multi- 

I  meter. 

I  if  Open  face  wide  scale  4%-inch 

[  rugged  meter  built  especially  for 

this  tester — 500  microampere  sen¬ 
sitivity. 

it  Each  AC  and  DC  range  individu¬ 
ally  calibrated.  i 

if  Professional  appearance.  Solid  J 

golden  oak  carrying  case.  I 

if  Guaranteed  Rectifier.  I 


SPECmCA  TIONS 


DC  MICROAMPERES: 

OSOO 

DC  MILLIAMPCRES: 

0-2.5-10-S0-250 
L  DC  AMPERES 
^  0X<10 

DC  VOLTS - tOOO  OHMS  PER  VOLT: 

0S-2S-t00-250-500- 1000-2500 


AC  VOLTS 

O-S-10-50-250-1000 

OUTPUT  VOLTS; 

0-S-10-50-250-1000 


OHMMETER: 

0-200-2000-20.000  OHMS 
0-2-20  MEGOHMS 

BATTERY  TEST: 

Check  Dry  Portable  *'A*'  and 
terles  Under  Load  * 

CONDENSER  CHECK: 

Electrolytics  checked  on  f"f***p 
Scale  at  Rated  voltages  of  2S- 
200-250-300-450  volts. 

TUBE  TESTER: 

Emission  type  with  noise  lest, 
filaments,  easy  chart  operation, 
all  receiving  type  tubes. 

POWER  SUPPLY: 

115  volts  60  cycle.  Special  voltage 
frequency  upon  request. 


floatlnS 

Chech* 


TOOL  &  MFG.  CO.,  INC 

39  CHAMBERS  ST. 

.  NEW  YORK  7,  N.  Y. 


Literature 


Industrial  Electronics.  '‘Funda¬ 
mentals  of  Industrial  Electronics” 
is  the  name  of  a  40-page  booklet 
which  is  made  up  of  a  series  of 
articles  which  appeared  in  Steel 
during  1944.  The  articles  are  by 
G.  M.  Chute,  an  application  engi¬ 
neer  with  G.  E.  The  book  is  in¬ 
tended  to  be  a  handy  reference  on 
industrial  electronics  as  applied 
to  the  metal  producing  and  metal¬ 
working  industries.  The  author 
discusses  electronics  in  motor  con¬ 
trols,  photoelectric  relays,  weld¬ 
ing  equipment,  and  electronic 
heating.  Many  circuit  diagrams 
are  given.  General  Electric  Com¬ 
pany,  Schenectady,  N.  Y.  Bulle¬ 
tin  GEA-4309. 


Electron  Tubes.  “Can  the  electron 
tube  help  you?”  is  the  question 
posted  on  the  inside  front  cover 
of  a  21-page  catalog  which 
describes  and  illustrates  the  many 
types  of  electron  tubes  available 
from  General  Electronics  Inc., 
1819  Broadway,  New  York  23, 
N.  Y.  All  the  tubes  are  licensed 
under  patents  of  RCA. 


Modern  engineering,  production 
facilities  and  equipment  offer 
straight-forward  solutions  to  all 
problems  pertaining  to  production 
tooling,  stamping,  forming,  draw¬ 
ing,  grinding,  welding,  brazing, 
soldering  and  finishing. 

With  the  conclusion  of  vital  military 
contracts,  OLYMPIC  will  be  avail¬ 
able  for  peacetime  work,  including 
complete  design*collaboration  from 
blueprint  to  final  production. 


Vacuum  Tubes — Packaging  and 
Rating.  The  Industrial  Edition 
of  “Eimac  News”  contains  an  ar¬ 
ticle  on  a  new  spring-packaging 
method  for  electron  tubes  which 
resists  shock,  mildew  and  cor¬ 
rosion.  Also  discussed  in  this  edi¬ 
tion  is  the  why  and  wherefore  of 
Eimac  vacuum. tube  ratings.  Eitel- 
McCullough,  Inc.,  San  Bruno, 
Calif. 


Brazing  Alloy.  The  use  of  a  braz¬ 
ing  alloy,  called  Easy-Flo,  for 
carbide  tipping  is  illustrated  and 
described  in  Bulletin  11-A.  The 
repair  of  broken  cutting  tools 
with  Easy-Flo  is  described  in  Bul¬ 
letin  No.  14.  Handy  &  Harmon, 
82  Fulton  St.,  New  York  7,  N.  Y. 


"Divartlty  in  fa- 
<ilili«(  or*  aptly  il- 
lustrat*d  by  lh*i* 
metal  parti,  which 
reguir*  particular 
atlantion  to  ctoie 
toleroncet." 


Vibration  •  Measuring  Equipment. 
Bulletin  GEA-4140  describes  such 
vibration-measuring  equipment  as 
the  dial-type  indicator  and  light- 
beam  type  indicator  for  measuring 
displacement,  and  the  velocity 
meter  for  measuring  displacement 
or  velocity  of  vibration.  The  range 
and  accuracy  of  each  instrument  is 


craftsmanship 


SUPRCM t'  IN«TRUMKNTS 

’/''Ij  Gfdtnv09d,  Mitt.,  V.S-‘ 


ELECTRONICS 


FAST 


WORK  ON 


YOUR  WAR 


This  JVetv  Jig  Speeds 


Radio  Assembly 

1)  Holds  chassis  in  any  position  to  step  up  soldering  and  all  ether  assembly 
operations.  2  models  (friction  or  positive  indexing  360°  around  axis). 

2)  Adjustable  to  any  sixe  within  base  limits  of  the  jig.  Comes  in  5  standard 
sixes  (4“,  6",  9",  12"  or  15"  swing),  or  will  make  jigs  to  your  speclfica* 
tions. 

3)  Sturdy,  rigid  construction. 

4)  Con  be  loaded  and  unleaded  in  two  seconds. 

5)  Prices  start  at  $11.50. 

Informoffen  about  our  Dummy  Tubes,  Pin  Stralghfenert,  Precision 
Gages,  Test  and  Adapter  Plugs  and  other  Tools  Is  yours  upon  request. 


PERMANENT  MAGNETS 

@AII  Shapes— All  Sizes— for  All  Porposes 

CO  BAIT- CHROME-TUNGSTEN 

Stamped,  formed  and  cast 

/  Cost  or  S/ntorod  \ 
AlniCO  Under  6.  E.  License  j 

Also:  Laminations  for  Radio  Transformers 

TOOLS-DIES-STAMPINGS 

Heat  Treating  of  Metals  and  Alloys 


16  EAST  23RD  STREET 


Sir  I  II  II  E  R  steel  PRODUCTS 
m  COMPANY 

INDIANAPOLIS  5,  INDIANA 


Ionics— MorcA  1945 


.  e  Carbon  brushes  may  be  just  as  hard  to 

get  AFTER  the  war.  Don’t  wait!  Many 
Superior  customers  are  anticipating  and 
ordering  now  for  post-victory  use.  Materi- 
als  may  be  scarce  then  — and  experienced 
labor,  too  —  for  quite  a  while.  Without  pri- 
orities  and  with  wartime  restrictions  still 
lingering,  deliveries  may  be  slow . . .  Better 
place  your  orders  right  away.  If  special 
conditions  call  for  special  study,  all  the  more  reason 
for  moving  fast.  The  Superior  Research  Department 
is  very  busy,  but  not  too  busy  to  — '  'iliiiv////  / 

investigate  your  needs  thoroughly, 

Why  not  write  now. 

Get  Superior  Bulletin  "O”  - * 

SUPERIOR  CARBON  PRODUCTS,  INC. 

9117  Georg*  Avanua  *  Clavalond  5,  Ohio 


SUPERIOR 


BRUSHES 


•  li  your  needs  cure  urgeni« 
take  advantage  of  our  ex¬ 
ceptionally  large  and  com¬ 
plete  stock  of  radio-elec¬ 
tronic  supplies  and  parts. 
Most  orders  Ccui  be  filled 
immediately  from  stock, 
and  shipped  the  same  day 
received. 


And  to  help  you  order  just 
what  you  need,  we  have 
the  big  Dalis  catalog 
which  is  yours  for  the  ask¬ 
ing.  Write  on  yoiir  busi¬ 
ness  letterhead  for  your 
copy. 


•  Try  Dalis — Just  wire, 
'phone  or  write  .  .  * 


ROBERT  L  STEDMAN  « 


SPECIALISTS  IN  MASS  PRODUCTION  TOOLS 

OISTER  BAY.  LONG  ISLAND  NEW  YORK 


li*  I.*  I)/\I  IS«IS4. 

Wholesale  Distributors 

RADIO-ELECTRONIC  SUPPLIES  &  PARTS 
17  Union  Square 

NEW  YORK  3.  N.  Y. 

Phones:  Algonquin  4-81  I2-3-4-5-6-7 


Concentric  Transmission  Line 


/i  StOMdand  ‘Product 
Since  t934 


•  Ten  years  of  experience  in  build¬ 
ing  concentric  transmission  line 
and  associated  impedance  match¬ 
ing  equipment  assures  you  highest 
quality  and  workmanship. 

Doolittle  lines  are  made  in  sev¬ 
en  standard  sizes.  Each  line  uses 
seamless  copper  tubing  for  the 
outer  and  inner  conductor,  except 
Types  C-1  and  06  which  use  solid 
inner  conductors.  The  insulating 
beads  are  made  of  low  loss  cera¬ 


mic-impervious  to  moisture- 
spaced  and  fastened  securely  for 
maintaining  proper  electrical  and 
mechanical  characteristics. 


Carefully  designed  fittings  and 
accessories  for  any  requirements 
are  also  available. 

Special  sizes  are  made  to  order. 
For  engineering  information  con¬ 
cerning  installation  and  use,  feel 
free  to  consult  our  engineering  staff. 


WRITE 

FOR 

CATALOG 

AND 

PRICES 


QUICK  DELIVERY 

On  All  Standard 
Sizes  Upon 


Suitable  Priority 


RADIO,  INC. 


liiiiltlers  of  Vn  i  'niott  (  oniminiii  iitious  i.e//iilimi  nl 
7421  SOUTH  LOOMIS  BLVD.,  CHICAGO  36,  ILLINOIS 


CftYSTAL  MAHUFACTunensr 


Here  is  a  NEW  Holder, 

approved  by  the  Signal  Corps. 


Featuring  new  materials  and  designs,  the  new 
CO  Crystal  Holders  hove  easily  passed 


CO  c^rystai  noiaers  nave  easily  passed 
every  test  to  which  they  have  been  suhjected 
by  the  Signal  Corps,  and  crystal  manufac¬ 
turers. 


Nemco  Holders  ore  designed  to  prevent 
deterioration  of  the  crystal  by  repelling 
water  vapor  under  tropical  conditions. 

Because  we  specialize  in  the  manufacture 
of  Crystal  Holders  exclusively,  we  con 
give  you  the  quality  and  service  to  help 
speed  your  production. 

Write  for  samples  and  prices;  also  re- 
qpiest  quotations  on  your  requirements 
for  imprinting  holders  with  metallic  ink. 


NATIONAL  ELECTRONIC 


MANUFACTURING  CORP. 


22-78  STEINWAY  ST.,  LONG  ISLAND  CITY,  N.Y. 


shown  in  a  table.  These  instruments 
are  useful  for  the  improvement  of 
the  quality  of  products,  reduction 
of  damage  to  machinery  and  build¬ 
ings,  and  reduction  of  noise.  Gen¬ 
eral  Electric  Co.,  Schenectady 
N.  Y. 


Silver  Solder  Flux.  A  4-page  bul¬ 
letin  describes  a  new  silver  solder 
paste  flux,  designated  as  Superior 
No.  6,  for  use  in  brazing,  hard  sold¬ 
ering  and  silver  soldering  of  both 
ferrous  and  non-ferrous  metals. 
Characteristics  and  directions  for 
use  are  given  in  the  bulletin.  Su¬ 
perior  Flux  Co.,  1783  E.  21st  St, 
Cleveland  3,  Ohio. 


Color  Code  Chart.  A  quick,  easy 
means  of  identifying  color  codinp 
and  other  features  of  resistors  ij 
contained  in  a  resistor  color  code 
indicator  which  comes  in  a  handy, 
vest  pocket  size  and  contains  com¬ 
plete  information  on  resistor  color 
coding  under  the  AWS  specifica¬ 
tions  as  well  as  joint  Army-Navy 
specifications.  Stackpole  Carbon 
Co.,  St.  Marys,  Pa. 


Electric- Welded  Tubing.  Better 
products  through  the  correct  fabri¬ 
cation  and  application  of  electric- 
welded  tubing  is  the  theme  of  a  32- 
page  catalog  prepared  by  Formed 
Steel  Tube  Institute  of  Cleveland, 
Ohio.  The  book  is  presented 
through  the  efforts  of  the  Institute 
and  fifteen  welded  tubing  manufac¬ 
turers.  The  book  tells  how  tubinjfi-* 
made,  how  it  can  be  bent,  and  as-  | 
sembled.  Several  types  are  illus¬ 
trated  and  described. 


U-H-F  and  Television  Nobo- 
graphs.  The  first  of  a  series  of 
nomographs  to  be  published  by 
Federal  Telephone  &  Radio  Corp.. 
Newark,  N.  J.  is  available.  The 
nomographs  are  designed  to  sim¬ 
plify  and  speed  up  calculations  for 
u-h-f  and  television  applications. 
Equations  and  limitations  are 
given  wherever  there  may  be  any 
doubt  concerning  the  results.  The 
set  now  being  offered,  twenty-five  in 
number,  represents  the  beginning 
of  a  projected  series  of  more  than 
one  hundred  graphic  aids  to  the  de¬ 
signer  of  radio,  u-h-f  and  tele¬ 
vision  equipment.  Included  in 
set  are  six  charts  for  use  in  t  * 
design  of  double-and  tripl 
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Electronic 
Communication 
Components 

TRANSFORMERS 

f^anufactured  to  your  specification  or  furnished 
for  varied  applications  such  os:  audio,  small 
power,  400-cycle  aviation  instrument,  test  equip¬ 
ment,  television,  high  fidelity  broadcast  and 
recording  amplifiers,  etc. 


AND  ASSOCIATED  ASSEMBLIES 

There  is  «  Stanwyck  coil  for  every  appli- 
cition  in  the  Radio  Frequency  Spectrum 
—coils  that  have  met  the  requirements 
of  war  and  which  will  meet  your  require¬ 
ments  when  the  war  is  won  .  .  .  Send  for 
(older  describing  our  line  and  facilities. 


STANWYCK  WINDING  CO. 

WWIURGH  NEW  YORK 


PRODUCTION 


&  BOX 
TO  REMEMBER  when 
you  want  6000  coils 

STflnUIVCK 

R.F.  COILS 


MArUGER  I 

Unusual 

Opportunity 

For  I 

UNUSUAL  MAN 


A  well-known  manufac¬ 
turer  of  high  quality  radio  | 

sets  and  electronic  equip-  1 

ment  requires  a  man  with  | 

o  good  basic  knowledge  of  | 

electronics  production  and  I 

plarming.  He  will  have  | 

complete  charge  of  our  | 

plant,  and  will  get  all  the  | 

c^^rotion  he  needs  to  do  | 

his  job  efficiently.  We  are  | 

prepared  to  offer  an  inter-  | 

ssting  proposition,  present  I 

and  post-war,  to  the  right  | 

•nan.  Please  provide  back-  | 

^ound  and  full  particulars  I 

in  first  letter.  '  j 

^-801.  Blectronica  | 

W.  42nd  St.,  New  York  18.  N.  T,  | 
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NORTHERN  COMMUNICATIONS  MANUFACTURING  CO. 


210  EAST  40th  STREET  NEW  YORK  16,  N.  Y. 

Manufacturers  of  Transformers  •  Special  Coils  •  Reactors  •  Sound  Systems 
Recorders  •  Equalizers  •  Full  Range  Phonograph  *  Coaxial  Transmission  Lines 


"ALNICO" 

PERMANENT  MARNETS 

Specializing  in  the  production  of  highest  quality 
Alnico  Magnets  in  ail  grades  including  new  triple 
strength  No.  5. 

Production  material  checked  to  assure  highest 
uniform  quality  of  product. 

Castings  made  to  customers  special  order  on  the 
basis  of  sketches  of  blueprints  furnished. 

Information  and  suggestions  furnished  on  request. 

GENERAL  MAGNETIC 

CORPORATION 

MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  ALLOYS 
2126  E.  Fort  Street  •  Detroit  7,  Michigan 


STOCK  ITEMS... SPECIAL  FORMS 
CONSTRUCTION  . . .  MATERIALS! 


All  questions  onswored  in  this  concise, 
informative  literature.  Contains  pertinent 
facts  regarding  all  the  diversified  stand¬ 
ard  types  of  Hermetically  Sealed  Leads— 
why  you  should  use  them,  their  advan¬ 
tages,  sizes  and  shapes,  and  how  to 
order.  Also  information  on  special  high 
voltage  skirted  types.  Important  too — 
these  terminals  can  be  supplied  in  quan¬ 
tity  immediately. 


While  special  sealed  leads  can  be  designed 
ta  meet  any  specific  requirements,  the  wide 
diversity  af  available  standard  E-1  types  offer 
wide  Suitability  and  economy  in  product 
designing.  A  simple  coding  system  makes 
possible  a  rapid  selection  of  standord  shapes 


ELECTRICAL  INDUSTRIES  •  INC 

42  SUMMER  AVENUE,  NEWARK  A,  NEW  JERSEY 


For  Fixed  X'tal  Controlled  Reception 
the  XC-2  PLUG-IN  UNIT  «  ^ 


UNI  COMMUNIC  AIlON'j  fOUifrilNI 


YOU  CAN  NOW  HAVE  A 

fmp  fttmeHcy  metm 

WITH  riH  eOHTMl  CSC. 

Plus  ALL-BAND  Operation’^ 


For  fixed  frequency  operation,  simply  plug  the  XC-2  unit 
into  the  oscillator  tube  socket  of  an  RME  43  or  41  receiver. 
The  XC-2  uses  the  same-  oscillator  tube  as  the  receiver.  The 
crystal,  which  is  furnished,  is  ground  to  a  frequency  either 
455  K.C.  higher  or  lower  than  the  frequency  of  the  signal  to 
be  received. 

Because-  of  its  specific  characteristics  and  peak  reception, 
the  XC-2  will  frequently  bring  in  stations  when  general  cov¬ 
erage  equipment  fails. 

By  writing  us  a  card,  and  designating  the  frequency  at 
which  you  wish  to  operate  your  RME  receiver,  we  will  gladly 
supply  you  with  the  necessary  detailed  information. 


*Subject  to  pri¬ 
ority  like  all 
RME  equip- 
mcnt. 


tuned  band-pass  circuits  in  the 
u-h-f  and  television  ranges.  Two 
of  the  charts  cover  series  and 
shunt-peaking  methods  of  range 
extension  in  wide-band  amplifiers, 
while  other  charts  relate  to  im¬ 
pedance  characteristics  in  various 
types  of  transmission  lines,  in¬ 
cluding  single  wires  in  troughs 
and  in  square  outer  conductors; 
balanced  two-wire  and  concentric 
lines,  air-spaced,  and  with  solid 
dielectric;  quarter  wave  matching 
sections,  and  sending-end  imped¬ 
ance  in  uniform  lines.  Other 
charts  treat  transmission  line 
lengths,  cut-off  frecjuencies  in  cir¬ 
cular  wave-guides,  u-h-f  path 
lengths  and  optical  line-of-sight 
distances.  The  remainder  of  the 
charts  allow  rapid  calculation  of 
deflection  sensitivities  of  cathode- 
ray  tubes,  modulation  percentages 
from  oscillograms,  reduction  in 
gain  caused  by  feedback,  and  dis¬ 
sipation  of  power  in  water-cooled 
devices. 


Mica  Ceramic  Insulation.  “Mykroy 
Molding  Bulletin”,  No.  103,  de¬ 
scribes  glass-bonded  insulators 
designated  as  Mykroy.  Specifica¬ 
tions,  design  criteria  and  electrical, 
mechanical  and  physical  proper¬ 
ties  of  Mykroy  are  given.  Also  in¬ 
cluded  is  a  list  of  recent  applica-] 
tions  of  Mykroy  molding  of  intri¬ 
cate  parts.  Electronic  Mechanics 
Inc.,  70  Clifton  Blvd.,  Clifton,  N.J. 


Sems  Fastener  Units.  “Fastening 
Applications  Bulletin”  designaf** 
the  title  of  a  leaflet  which  i»  d** 
signed  to  suggest  to  readers  the 
practicability  of  Sems  units  which 
are  pre-assembled  lock  wash 
and  screws.  The  lock  washer  h 
made  right  on  the  screw  so  that  it 
can’t  come  off  or  get  lost.  Only* 
few  of  the  hundreds  of  uses  are 
illustrated  in  the  bulletin.  Several 
types  of  lock  washers  and  screws 
are  also  illustrated.  Shakeproof 
Inc.,  2501  N.  Keeler  Ave..  Chicago, 
Ill. 
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Electronic  Heating.  “The 
of  Electronic  Heating”  is 
title  of  a  14-page  catalog  whic 
includes  specifications  of  stand* 
generators  available  from  t 
.manufacturer,  as  well  as  illustr* 
tion  and  descriptions  which  ser^i 


as  introductory  matter  on 


the  Bob' 
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vaRced  types  of  communfcations  equip- 
Rent  and  special  electronic  products. 

Apply  for  write),  giving 
full  quallfieaflons,  to: 

R.  L  D..  EMPLOYMENT  DEPT. 

Electric  Co, 

100  CENTRAL  AV.,  KEARNY.  N.  J. 

•Alio:  C.  A.  L. 

Locust  St.,  Haverhill,  Mass. 

Appliunti  must  comply  with  WMC  regulations 


U nit  illustrated  is  a  spe¬ 
cially  designed,  hermet¬ 
ically  sealed  transformer 
produced  in  quantity  to 
meet  a  war  requirement. 


Electronic  Engineering  Co.  is  a  mass  production  organization 
devoted  to  the  design  and  engineering  of  quality  trai  ;  formers 
for  specialized  applications.  For  the  ideal  solution  of  your 
transformer  problem,  look  to  Electronic  Engineering  Co. 

iLECTRONIC  ENGINEERING  CO. 

735  West  Ohio  Street  *  Chicago,  Illinois 

Associated  Company 

Holubow  and  Rehfeldt  Consulting  Engineers 


I  runs  former  Engineers  for  Speeiahzed  Appliecitions 
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THE  QUADRIGA  MANUFACTURING  CO. 


C,c«'0 


Inc.  1894  "Hdlf  4  Century'  22lA  W.  Cr.ynd  Avc.,  Chicago  10.  III. 


HYDROGEN 
NITROGEN.OXYGEN 


ARGON • NEON 
HELIUM. KRYPTON 
XENON  • 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 

HIGHEST  QUALITIES  •  ANY  QUANTITY 

delivered  anywhere 


AMERICAN  GAS  &  CHEMICAL  CO. 

HARRISON,  NEW  JERSEY  •  Contracted  Complete  Service  on  All  Gases 


Ionics -MorcA 


Wanted 

ENGINEERS 


Radio 


*  Electrical 


Electronic 


- NOW - 

a  really  high-powered 


Note: 

The  Library  comprisai 
•  s•l•ction  of  books 
culUd  from  loading 
McGrow  -  Hill  publica¬ 
tions  In  tha  radio 
flald. 


•tPMially  selected  by  radio  specialists  of 
McGraw-Hill  pablleatlons 

to  live  most  complete,  dependable  eov- 
'  erase  of  facts  needed  by  all  whose  Helds 
•r*  omunded  on  radio  fundamentals 

'  available  at  a  special  price  and  terms 


Theae  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
subjects — give  specialized  treatments  of  all 
fields  of  practical  desiarn  and  application.  They 
are  books  of  recognized  position  In  the  litera- 
turo— books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  In  any  field  based  on  radio, 
yon  want  these  books  for  the  help  they  give  In 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 

5  lolunes,  3559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 
Hand’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  leas  than  cost 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  in  easy  Install¬ 
ments  beginning  with  IS.OO  In  10  days  aftsr 
receipt  of  books  and  fS.OO  monthly  thereafter. 
Already  theee  books  are  recognised  as  standard 
works  that  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 

FOR  10  DAYS  EXAMINATION  SEND  THIS 
>'  ON-APPROVAL  COUPON———' 

I  McGraw-Hill  Book  Ce.,  330  W.  42  St..  N.Y.C.  18 

■  Bond  me  Badlo  Enilnaorlnf  library  for  10  days’ 

■  examination  on  approval.  In  10  days  I  will  sand 

■  $3.00  plus  few  cents  postage  and  $3.00  monthly 
S  till  $14  is  paid,  or  return  books  postpaid.  (We 

■  pay  postage  on  orders  accompanied  by  romittanee 
i  of  first  Installment. ) 


ject  of  electronic  heating.  Scien¬ 
tific  Electric,  Div.  of  “S”  Corru¬ 
gated  Quenched  Gap  Co.,  107  Mon¬ 
roe  St.,  Garfield,  N.  J. 


ASA  Radio  Symbols.  Copies  of 
booklet  Z32.5-1944,  “American 
Standard  Graphical  Symbols  for 
Telephone,  Telegraph  and  Radio 
Use”,  are  available  on  request 
from  Solar  with  a  durable  heavy 
paper  cover.  This  booklet  contains 
the  final  compromise  schematic 
symbols  now  being  used  for  both 
electronic  and  industrial  circuit 
diagrams.  Solar  Mfg.  Corp.,  285 
Madison  Ave.,  New  York  17,  N.  Y. 


Pressed  Ceramics.  A  second  edi¬ 
tion  of  the  “Crolite  Pressed  Cera-  j 
mic”  catalog  is  available.  It  con¬ 
tains  a  listing  and  complete  dia¬ 
grams  of  many  of  the  pieces  the 
manufacturer  is  in  a  position  to 
make  immediately  from  existing 
dies,  tools,  jigs  and  fixtures.  Some 
of  the  pieces  in  the  catalog  include 
antenna  insulators,  coil  form 
bases,  crystal  holder  parts,  stand-off 
insulators,  single  r-f  stage  assem¬ 
bly  plates,  switch  and  stator  parts, 
terminal  blocks  and  boards,  trans¬ 
mission  line  insulators,  trimmer 
condenser  bases,  tube  bases  and 
tube  socket  parts  and  variable  ca¬ 
pacitor  rotor  parts.  Henry  Crow¬ 
ley  &  Co-,  Inc.,  West  Orange, 
N.  J. 


S  AddriM 


8  City  and  SUU. 
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Electrical  Insulation.  “Electrical 
Insulating  Materials”  is  the  title 
of  an  86-page,  spiral-bound  cata¬ 
log.  It  contains  a  history  of  the 
manufacturer.  The  catalog  also 
presents  in  a  simple,  informative 
manner,  the  products  manufactured 
and  distributed  by  the  five  divi¬ 
sions  of  this  company:  Munsell 
(pure  mica),  Micanite  (built-up 
mica),  Lamicoid  (laminated  plas¬ 
tics),  Empire  (varnished  fabrics 
and  papers),  and  Mico  (miscellane¬ 
ous  insulations) .  Characteristics 
and  available  forms  of  each  prod¬ 
uct-group  are  described  as  a  guide 
to  selection  for  various  applica¬ 
tions.  Information  on  proper  hand¬ 
ling  and  machining  methods  is 
included.  The  catalog  is  neatly  in¬ 
dexed  and  contains  many  illustra¬ 
tions.  Mica  Insulator  Co.,  200 
Varick  St.,  New  York  14,  N.  Y. 
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I  TERMINALS 

I  ELECTRIC 

I  WIRES 

I  Condenser  Plates  | 

I  Small  Metal  Stampings  | 
I  in  accordance  with  | 
I  Customer’s  Prints  I 

I  -f  -f  ♦  I 

I  ACCURACY  I 

I  PRECISION  I 

I  REASONABLE  | 

I  DIE  CHARGES  I 


Modern  Equipment 
and  Factory 

NO  SCREW  MACHINE  PARTS 

>  >  > 

PAnOH-MACGUYER 

Company 

17  VIRGINIA  AVE. 

PROVIDENCE,  R.  I. 
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Professional  SeiYices 


WALLACE  CLARK  &  COMPANY 

Consulting  Management  Engineers 

25  yuan  Planning  in  tha  Flaldt  of  Aaia^ 
Davalopmant,  Salat,  Enginaaring,  frodiidB 
FInanca  and  Ovarali  Managamant.  | 

52»  Fifth  Avnuo  Now  York  17,  M.  L 

STANLEY  D.  EILENBERStR 

Consulting  Engineer 

INDUSTRIAL.  ELECTRONICS 
Dealfn — ^Development — Modela 
Complete  Laboratory  and  Shop  Pawfib* 
6809-13— 27th  Ave. 

Kenosha,  Wla.  Telephone  t-tW 


DON  FOSTER 

Engineering  Consultant 

Electrical  Speclalirt  In  |4ech««^^ 

Analysis  Sound  and  Electronics  DereloP®** 
335  Beech  Are..  Wyoming  15,  Ohio 


JOSEPH  RAZEK,  Pti.D. 

Consulting  Physicist 

Elcctrloal  and  Mechanic^  Enflneerlnf  ”^^ 
Instmmanu  and  control  ,  Jr.Sws5 

BpadalifU  In  Colorimetrr, 

Industrial  Odor 

Laboratory  and  Shop  FadUtMt^^  ^ 

202  Dark,  J 
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Another  new  HHIPEREX 

A  ^ 

power  tube  for  induction  and 
dielectric  heating  equipment 


WATER  AND  AIR  €0<HED 
TRAN^MiTTING  AND  REOIFYING  TURES 


The  new  Amperex  233  is  designed  for  use  as  a  Class  C 
oscillafor  or  amplifier  for  generating  radio  frequency  power 
at  frequencies  up  to  30  megacycles.  Two  grid  arms  make  neu¬ 
tralization  more  convenient  in  the  amplifier  connection,  and 
also  permit  cooler  operation  of  the  grid  when  the  tube  is  em¬ 
ployed  at  higher  frequencies  either  in  a  self-excited  oscillator  or 
power  amplifier.  As  do  all  tubes  designed  and  developed  in  our 
laboratory,  the  233  incorporates  well-known  "Amperextras"  which 
make  for  longer  operating  efficiency  and  lower  operating  costs.  Write 
for  engineering  data. 


79  WASHINGTON  STREET . BROOKLYN  1.  N.  Y 

Expert  Division:  13  E.  40tli  St..  New  York  16.  N.  Y..  Cables:  "Arlob' 


electron  ics 


APRIL 


AUDION . . . . . < 

One  of  the  first  triodes,  used  in  e-w  receiver  developed  by  Dr.  Lee  deForest  in  Palo  Alto  labs  of  Federal  Tel.  &  Radio 
Corp. 

the  RADAR  EQUATION . . . . . . 

Ridiated  power  and  receiver  sensitivity  are  related  to  the  distance  and  size  of  the  detected  object 

human  centrifuge . . .  . 

Aircraft  pilot  blackout  conditions  are  reproduced  and  reactions  measured  electronically  in  AAF  aero-medical  lab 

?ilACnCAL  ELECTRONIC  INDUSTRIAL  CONTROLS,  by  Paul  G.  Weiller . 

A  consultant  tells  what  tubes  will  and  will  not  do 

A50-kw  F-M  TRANSMITTER,  by  Phil  B.  Laeser .  . 

WMFM,  and  particularly  Its  phase-shift  modulator,  is  described  In  detail 

ELECTRONIC  IGNITION  SYSTEMS,  by  G.  V.  Eltgroth . 


A  survey  of  the  development  of  various  circuits  and  a  comparison  of  their  functions 

TEST  SET  FOR  QUARTZ  CRYSTALS.  W.  E.  McNott .  .  . 

Stable  a-c  operated  unit  can  be  set  to  check  many  types  of  crystals  against  requirements 

WEIECnUC-CONSTANT  METER,  by  Frank  C.  Alexander.  Jr.  . .  . 

Magic-eye  tube  Is  used  as  indicator-oscillator  in  a  simple,  unique  differential-capacitance  meter 

AUTOMATIC  LIQUID  LEVEL  CONTROLS,  by  Theodore  A.  Cohen . . 

Industrial  electronic  equipment  provides  accurate  automatic  control  of  liquid  level  and  other  process  variables 

ilECEIVER  WITH  2-Mc  I-F.  by  Harvey  Kees . . 

Complete  circuit  of  five-tube  receiver  for  high-quality  local  reception,  having  several  novel  features 

GEIGER  COUNTER  SPECTROMETER  FOR  INDUSTRIAL  RESEARCH,  by  H.  Friedman . 

Naviastrument  measures  x-ray  intensities  of  rotating  powder  samples  directly,  for  speedy  analysis 

GASEOUS  RECTIFIER  Clltu JITS— PART  I.  by  P.  T.  Chin  . . .  . 

Voltage  and  current  wave  forms  of  commonly  used  single-phase  circuits,  with  pertinent  equations 

I  DESIGN  OF  L-C  PHASE-SHIFT  NETWORKS,  by  Robert  W.  Woods . 

Graphical  analysis  simplifies  design  of  phase-shift  networks  for  power  circuits 

HTPERBOUC  CIMT.  by  Perry  Ware . . . 

Speeds  conversion  of  complex  numbers  from  hyperbolic  to  rectangular  form 
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UTC  production  facilities  for  these  Signol  Corps  headset  adapters  permit  acceptance  of 
additional  quantity  orders  for  quick  delivery.  Also  ovoiloble  in  hermetic  construction. 
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